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ABSTRACT

The success of a system development is greatly dependent on the quality of the
requirements. The quality of the requirements, in turn, is highly affected by the type of
elicitation techniques that are employed during the requirements elicitation process. On the
other hand, the effectiveness of elicitation techniques is dependent on the situation in which
they are used. Some techniques may be more suitable to one situation than others. Little
research is done to match elicitation techniques to situations where they are most effective.
In addition, the effort to study the driving factors for the selection of elicitation techniques
is very smal. Most studies focus on advocating specific elicitation techniques or
methodologies, instead of providing a guideline on when to use the techniques. This results
in serious challenge on analysts, causing them to be confused, being left in the middle of
severa techniques without the necessary guide on when to use them. This thesis presents a
framework, which will assist analysts in the selection process of elicitation techniques that
best fit the goal of elicitation session, the project environment and the problem domain. The
framework, proposed in this thesis, has three steps and is probe-based. It takes the goal of
an elicitation session, information about the project environment and the problem domain
and generates list of suitable elicitation techniques in their priority of applicability to a
given condition. The result of this thesis work is also included in the ETS prototype, which

isaWeb based application used to demonstrate the applicability of the framework.
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1. Introduction

1.1. Motivation

Most software engineers agree on the significant impact of the requirements engineering
process on the success of software projects. Errors that are introduced during the
requirements engineering process and are detected late in the testing and maintenance
phases costs much more than any other error introduced in other phases. Studies also show
that most software errors are introduced during the requirements engineering process [22].
Therefore, improving this process will considerably increase developers' productivity and

quality of the software products.

Requirements elicitation is the primary activity in the process of requirements engineering.
It is on the basis of elicited requirements that the other activities like specification and
validation will be performed. Requirements elicitation often deals with knowledge that is
hidden and buried in the depth of the social and organizational structure of the client
organization. Thus, the identification of those requirements needs systematic, careful and
efficient approaches that do not adversely affect the healthy environment of stakeholders.
Hence, to uncover those requirements, we need a proper tool that takes prevailing

conditions into consideration.

There are plenty of elicitation techniques and methodologies that can serve as a tool for
capturing requirements. Each of those techniques has its own weakness and strength when
applied to elicit specific requirements in a given sSituation. On the other hand,
methodologies prescribe list of techniques, which are problem independent solutions.

Studies show that the strength of those techniques is complementary. Thus, the basic
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Introduction

question is which techniques to use in a given situation. Wrong tool, at a wrong situation,
for a wrong problem results in wrong outcome. Hence, for the success of a project the
selection of the right technique that best fits the existing situation is extremely important.
For attaining this important goal we need a guiding framework and a software tool that
assists analysts to select the right kind of technique at the right time, and in the right

situation.

1.2. Research problem

As indicated in the motivation section, ill-defined requirements may result in defective
product or even failure of the project. Eliciting requirements from users is a big challenge
to most analysts. Some analysts do not know the available elicitation techniques and even
those who know, except few experts, do not know when and in what situations they should
use those techniques. Hence, there is awider gap between highly experienced analysts and
novice analysts. Expert analysts develop the required skill through their experience and so
they do have much success records. Since there is no formal framework guide on when and
how to apply requirements elicitation techniques, less experienced analysts face serious
challenges. For eliciting user requirements there are lots of techniques and tools but there is
‘no silver bullet’ that could be applied to any problem in any situation. Therefore, the major
problem that this thesis work addresses is the selection of requirements elicitation
techniques by developing a framework that will help analysts and managers to select
requirements elicitation technique that best suits specific type of requirement, in a given

project environment and problem domain.
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Introduction

1.3. Objectives

The general objective of this research is to develop a framework for the selection of the
appropriate elicitation techniques that considers selection factors that are derived from the

requirement type, project environment, and the problem domain constraints.
The following are the specific objectives:

1. Study the characteristics of the existing elicitation techniques so that
it would be possible to classify and organize them according to

their characteristics

2. Study the project environment that affect the selection of

requirements elicitation techniques

3. Study the impact of domain knowledge on the selection of suitable
elicitation techniques. To demonstrate the validity of the selection

framework, the health-care domain is chosen

4. Developing a framework that is used to select the right elicitation

technigue for the right situation

5. Development of a prototype to demonstrate the effectiveness of the

framework

1.4. Approach

The overall research activity is shown in Figure 1 below. The selection factor is any factor
that affects the selection process and is derived from the project environment or type of

knowledge to be dlicited (i.e., the goal of an €elicitation session). The domain constraint is
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Introduction

any constraining condition that comes from the nature of the domain to which the target

system belongs.

Identification and classification of

selection factors
L Selection

I dentification of the effect of framework Prototype
domain on the selection process development > Development

Identification and classification of
elicitation techniques

Figure 1: Overall research activities
There are two directions for developing the framework for the selection process. The first
one is techniques-driven, that is, studying requirements €elicitation techniques and then
identifying their suitable application situation. The second approach is problem-driven, that
IS, to study the project environment and requirements type and search for the appropriate
set of techniques. Since techniques are effective in some situations, in following the
technique-driven approach, there is a high probability for some sSituations to stay
uncovered. Hence, in this case, the techniques considered in the study will limit the

situation’s study.

On the other hand, the problem-driven approach needs long time investigation, intensive
experience, and exposure to the area of different problems and project environment.
Moreover, mapping Situations to available techniques may also miss some of the

techniques.

In both approaches, there is arisk of incompleteness, but the situation coverage of the two

approaches is complementary. Therefore, the combination of the two approaches (i.e., to
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Introduction

study the concepts related with the different elicitation techniques and their nature on the
one hand and to study situational conditions for each of the €élicitation techniques on the

other hand) is selected in this thesis.

1.5. Overview of the thesis

The remainder of the thesis presents what is done with regard to the thesis work. Chapter 2
presents related work while chapter 3 deals with the methodology used in this research
work. Chapter 4 deals with identification and categorization of factors from the project
environment, the problem domain and requirements type. It also deals with the analysis and
categorization of requirements elicitation techniques. Chapter 5 presents the Elicitation
Techniques Selection (ETS) framework using a running example (case of clinical data

management system). Chapter 6 discusses the ETS prototype.

Finally, in the conclusions and future work chapter, the highlights of the results of the

thesiswork, its limitations and opportunities for future work are included.
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2. Related works

During the past 20 years, software has conquered an essential and critical rolein our society
[16]. Software applications are crossing the boundaries of almost all disciplines and are
serving as effective and efficient tools. But in spite of their growing applications in
different areas, the failure record is calling the attentions of researchers and practitioners
[44]. Most projects are delayed and run out of budget and even when delivered on time and
on budget, projects faill to meet users need [45]. When asked about the causes of such
failure, executive managers identified poor requirements as the major sources of problems

[28]. Improving the quality of requirementsis thus crucial.

Researchers and practitioners have realized that developing software is not just a matter of
creating effective programming languages and tools [16]. They agree on that, the quality of
a software product heavily depends on different aspects that have direct or indirect links
with the development process such as people, organization, and procedures used to create

and deliver it.

Software systems Requirements Engineering (RE) is the process of discovering the purpose
for which a software system is developed [37]. Identifying stakeholders and their needs,
and documenting these in a form that is amenable to anaysis, communication, and
subsequent implementation is part of the task that will be done during RE. Requirements
engineering can be decomposed into the activities of requirements elicitation, specification,

and validation.

As indicated in [4], most of the requirements techniques and tools concentrate on
requirements specification, i.e., the representation of the requirements. This thesis work

focuses, instead on elicitation concerns; those problems with requirements engineering that
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Related Works

are not adequately addressed. Lots of studies are made on specific elicitation techniques
[25]. However, none have yet been done to modd €elicitation in general. None of the studies
provide the foundation that helps analysts to select dlicitation techniques that best suite the

prevailing conditions of their projects.

The elicitation of requirements is perhaps the activity most often regarded as the first step
in the RE process [37]. If right techniques are not used during the requirements dlicitation
process, some of the requirements of the user may not be identified until late in the
implementation and testing phases and that would duplicate the cost many times. The
success of large software engineering projects depends critically on the specification, which
is a product of information collected during the requirements €elicitation process. The
specification must represent the requirements of a large number of people with widely

differing perspectives [13].

Hickey and Davis [25] present a mathematical model of the requirements elicitation process
that shows the role of knowledge in its performance. One meta process of requirements
elicitation, selection of an appropriate elicitation technique, is also captured in the model. In
their report, they state that the elicitation technique selection is driven by problem, solution,
and project domain characteristics as well as the state of the requirements (“The ‘right’
technique to apply in a given situation must be a function of what requirements we already
know and what requirements we still need to know; different techniques are good at
uncovering different kinds of requirements’). Their model, which is shown in Figure 2, is
just a skeleton, it doesn’'t deal with the technique on how to combine the different inputs of

the selection process and get the right set of elicitations techniques.
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Users, Customers and
other stakeholders

Unsolved
Problem

Candidate
EI|C|tat|On Requirernents >
Elicitation K
Technique |« nown
ol o Selection requirements
8lc D
‘T B
5lE= |
8o 2 Project
| X e Situation
Situation
Problem & Solution Project Domain

Domain

Figure 2: Details of elicitation activities [25]
Nuseibeh and Easterbrook [37] categorize the requirements elicitation techniques into six
categories namely, traditional techniques, group €licitation techniques, prototyping, model-
driven techniques, cognitive technigques, and contextual techniques. They also suggest that
the choice of dicitation techniques depends on the time and resources available to the
requirements engineer, and on the kind of information that needs to be elicited. They did
not identify the situational conditions on the basis of which the selection of the
requirements elicitation technique will be made. They put few techniques as an example in
each of the categories. They also didn’t exhaust elicitation techniques in each category.
Concerning the guidance for the usage of the different elicitation techniques available, they

suggested a method-based approach that provides such directions.

Maiden & Rugg [31] presented a framework, which assists requirements engineers to
choose methods for requirements acquisition. In their report, they stated that practitioners

are often unaware of the range of methods available and even most who are aware do not
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Related Works

foresee the need to use several methods to acquire complete and accurate requirements.
They try to bring acquisition methods from software engineering, knowledge engineering
and the social sciences together into a single framework. In their study, they identified six
facets, which inform the technique selection process: purpose of the requirements,
knowledge types, internal filtering of knowledge, observable phenomena, acquisition
context and method interdependencies. They didn’t indicate the impact of domain on the
selection process. Finally, they devised a practica guide for the selection process and
provide the ACRE decision support system to provide advice for requirements engineers.
Their study does not treat the situational characters independently; moreover, the
techniques selected for the study and the involvement of analystsin the formulation process

was limited. Their study focused on techniques rather than the project situation.

Hickey and Davis reported [24] that requirement analysts who have extensive experience
(and are considered to be masters of elicitation by most) seem to have the ability to select
appropriate elicitation techniques on aregular basis. But most practicing analysts have less
experience and are more journeyman than master; it is why the software industry fails to
satisfy users' need. Thus, Hickey and Davis in their paper suggested that if the average
analyst’s ability to select elicitation techniques were improved, it would most likely be
possible to improve our record of successful software products. Finally, they suggested that
mechanisms should be created to formulate the experts experiences so that less experienced
analysts could use it easily because less experienced analysts do not know how and when to

apply elicitation techniques [24].

As it is reported from different researches, there is a consensus on the importance of a

guideline on how to select elicitation techniques that best fit a given project situation. Thus,
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the major work in this research is to study the nature of the available elicitation techniques,
the situational conditions that affect the selection of elicitation techniques such as factors
from project environment and the type of requirements to be elicited, and to develop a
framework that assists the selection of the appropriate technique. Figure 3 below shows the

process of elicitation techniques selection:

Problem Domain

Domain
constraints

Elicitation
Technique
Selection

Candidate Elicitation
techniques

Project
Environment

elicitation techniques

Available dicitation
techniques

Figure 3: Elicitation technigue selection Process
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3. Methodology

Qualitative research is characterized by an emphasis on describing, understanding, and
explaining complex phenomena - on studying, for example, the relationships, patterns and
configurations among factors; or the context in which activities occur. The focus is on

understanding the full multi-dimensional, dynamic picture of the subject of study [32].

Quantitative research methods usually involve large randomized samples, more application
of dtatistical inference, and few applications of cases demonstrating findings. In
quantitative research information is gathered using predominantly quantitative variables.
The objective of quantitative research is to determine the relationship between one thing

(an independent variable) and another (a dependent or outcome variable) in a population.

In this research, there are lots of categorization, relationship study, context study, and
conditions descriptions. Thus, because of this reason and availability of little information
on the topic, inadequacy and missing of relevant theory base for the research, qualitative

research methodology is chosen [29].

As indicated in the introduction part, there are five maor activities to come up to the final
outcome. These activities involve a study and analysis of selection factors, elicitation

techniques, domain constraints, framework development and prototype.

3.1. Selection factors

The selection factors are studied in two categories based on the sources of the factors,
which are project environment related and requirements type related. Project environment

encompasses all factors that come from the context in which the system is developed and
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Methodol ogy

deployed. On the other hand, requirements type deals with factors that come from the kind

of requirement that is going to be elicited.

First, all the factors that affect the selection of elicitation technique are listed out from both
the project environment and requirements type. Then factors from the project environments
are categorized based on their source and their proximity to the project. Factors from the
requirements type are categorized based on phases of requirements elicitation process (i.e.,
starting from collection of context information to conflict resolution and development of

stable requirements).

3.2. Elicitation techniques

Elicitation techniques from software requirements engineering, knowledge engineering,
cognitive science and socia science areas that could potentially be applied for requirements
elicitation are studied. A total of 31 elicitation techniques were considered and out of which
26 techniques are selected based on some criteria. The first criterion is the usability of the
technique for elicitation of knowledge for a software system or its context (i.e.,
environment in which the software is situated). Here, the reason for the context knowledge
is that requirements of target software systems get their true meaning from their context.
The second criterion is availability of documents on the characteristics of a technique for

eliciting software requirements.

3.3. Domain constraints
The impact of domain knowledge on the selection of elicitation techniquesis clear but it is
difficult to get usable information about specific domains or an overview of the nature of

domains in relation with élicitation techniques. But there are few studies made on the
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health-care domain. Hence, for the study, heath-care domain is chosen as a sample
representative. The reasons for the selection of this domain are availability of documentsin
the health-care domain area and visibility of the nature of the domain, as we are al

receivers of services from the domain.

The nature of the health-care domain and type of applications that are in use in the domain
are studied. The type of elicitation techniques that can efficiently elicit knowledge in the

domain and those techniques that are not appropriate to the domain are also investigated.

3.4. Framework development

After having the factors from project environment, requirements type and domain
constraints, and the results from the study of elicitation techniques, study is made on how to
map the different situational parameters into the set of elicitation techniques. To do that two
options are considered, which are either to collect al information concerning the project
environments, domain constraints and goal of elicitation session and moving to the
elicitation techniques or iteratively apply filtering criteria on the set of elicitation
techniques, to get the set of elicitation techniques that can be applied in the given
conditions. The second option is chosen because it would be easier for application. The
analyst will be provided with probes, batch by batch, which will help to filter the elicitation
techniques that are applicable to a given situation. The framework uses three steps to come

up with the last set of applicable techniques.

3.5. Prototype development

The prototype is a Web application, which is designed to show how it is possible to

automate the selection framework. The major reason for the choice of web application is to
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collect comments about the prototype. The prototype will be made available on the net and
anyone who is interested to use it to select suitable elicitation techniques would have the
access. This would help the validation of the framework with rea world problems.

Moreover, it will aso bring inputs to the later development of the ETS tool.
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4. Elicitation techniques and selection parameters

Capturing requirements from stakeholders demands the use of the right kind of €elicitation
techniques. Studies indicate that there are plenty of available techniques, however,
consensus exists among researchers and parishioners that no one €licitation technigue can
be effective in al situations [24]. A technique could be effective in one situation,
incomplete in some other situations and even not applicable in other situations. The
challenge of the requirements engineering process is therefore answering the question when
to use which technique [19]. For complete, unambiguous, verifiable, consistent, modifiable,
traceable, and usable requirements, the positive role of using the right kind of technique is
unquestionable. Choice of suitable questioning techniques is not optional rather it is a
necessity in any discipline that involves extraction of information from people [41]. In this
respect, experienced analysts face relatively less challenge to reach at the right technique
that best fits existing situation than novice ones. The challenge is more serious on novice

analysts. They don’'t know which technique to use in what situation [24].

On the other hand, methodologies define a set of techniques to be applied orderly to elicit
requirements. When prescribing a technique at a certain stage, they took some assumptions
to be true for granted. But the assumptions may not be true in the specific situation in
which a methodology is under use. In the presence of a dynamic situation, how could such
an assumption possibly be made a priori [25]. Therefore, the question is. how far do these
orderly prescribed techniques fit the situation of the problem at hand? Methodol ogies must
also be tailored to the specific problem at hand [39]. Hence, using methodologies is not a
solution to the selection of the right elicitation technique. Hickey and Davis [25] suggested

a guide for tailoring methodologies to fit a given situation. The guide states that while
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Elicitation techniques and selection parameters

applying a methodology, instead of blindly using the prescribed technique, take the
technigue along with other candidates; study the prevailing situation, then useit only if itis

best fit.

Thus, the selection of the right elicitation technique involves a consideration of the
situational information. In the next subsections, these situations will be dealt in detail and

categorized into groups.

4.1. Selection parameters

The selection of the right elicitation technique is a result of clear understanding of the
situation in which the technique is going to be applied. This necessitates the need to study
the kind of potential situations in which the élicitation process would be conducted. The
sources of factors that affect the selection of the elicitation techniques are categorized into

three categories: project environment, requirement type and problem domain.

The project environment includes the clients system, the developers system, the nature of
the problem, project constraints and other individuals and stakeholders that influence the
project. In general, the project environment encompasses stakeholders, the problem and

othersthat can influence the project.

The requirements type focuses on the type of information that is going to be elicited at a
given point in a project’s lifetime. Hence, it can be considered as the goal of the elicitation

session. What is the purpose of an elicitation session?
e |sthe goal to extract the system context?
e |sitto discover the project mission and goal ?

e |sitto clarify ambiguous requirements?
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e What isthe goal for an elicitation session?

The requirements type deals with the reason why a given elicitation session is going to be

held.

The problem domain deals with the domain to which the target system belongs. The
nature of the problem domain affects the applicability of a given technique in that specific

domain.

In the next subsections, the three sources along with factors that originate from them will

be identified and classified.

4.1.1. Project environment

The project environment is one of the major sources of factors that affect the selection of
elicitation techniques. Stakeholders involved in a given software project may belong to
different communities and have different backgrounds but they all have at least one
common interest (i.e., the development of the target system). Asit is depicted in Figure 4,
the project environment is divided into five spaces. the clients space, the developers

space, the problem space, the project space, and the external environment.
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External
Environment

Project
space

Problem
space

Figure 4: The project environment spaces

Figure 4 shows the four spaces (i.e., the clients’, developers’, problem and project spaces)
as contained in the external environment space. This means a factor in the externd
environment affects all the four spaces. Factors from the external space are not specific to a
group of developers, clients, project or even problem domain. It could cross multiple

institutions and problem and solution domains.

The client, developer and problem spaces have commonalities with each other as well as
among three of them. Developers may be familiar with the problems and solutions from the
problem space, which may or may not be useful for the current project. The target project
may address some of the problems from the problem space, but this does not mean that the
addressed part of the problem space is the whole problem faced by the client. Due to
financial or any other constraints the client may want to automate only part of the problem
shared from the problem space. Similarly, developers and clients could have lots of
interactions and out of the interactions the case of the project can be only part. Therefore, it

Is the project space that all the four spaces intersect.
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The client space includes the end users of the target system, who have direct contact with
the new system and paying customers. The client space also includes the structure and
organization of the users and the customers enterprises’. The clients space is a bigger
space and only part of it will be involved in the development process. In the ideal case, the
part outside the involved part shouldn't influence the project, which is because, if it
influences, it has to be made part of the project. But, in practice, there are lots of influences
on the project from the client system that is not formally included in the project. The
political, social and technical redlities that reside in the clients system have significant

impact on the selection of an elicitation technique.

The developers space includes the analysts and all those who will be involved in the
implementation, testing, quality control, system deployment, and maintenance activities,
along with the organization to which they belong. The team structures, the communication
mechanism among the teams, the policies and principles of the developers organization
affects the selection of dlicitation techniques. In this case too, there are two parts of the
space: the part that is included in the project (internal) and the other part, which is outside

(external).

The problem space includes all conditions related with the problem to be solved and the
possible solution area. It can be the complexity of the problem domain, availability of

reusable assets in the problem area, rules set on other similar applications.

The project spaceiswhere the developers and clients interact on the issues of the problem
to be solved. All conditions specific to the problem at hand are included in the project

space. Asindicated above, the clients space, the developers space and the problem spaces

! Sometimes the users and customers may belong to the same institution (i.e., it is possible for the users
company to be a paying company)
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are wider spaces, and they intersect at the project space. The project space is limited by the
scope of the target system. How large it includes the other spaces depends on the nature of

the problem and other boundary issues.

The external environment includes all sources of constraints that are outside the problem,
developers and clients' spaces. It is a source of conditions and constraints that are imposed

from government, legal and standard institutions.

Based on the five spaces of the project environment, factors from the project environment
are grouped into two: Internal factors and external factors. Internal factors are those factors
that are originated form the project space. On the other hand, external factors are, those
factors that are derived from outside the project space. The categorization is made with
reference to the boundary of the project space. The hierarchical structure of factors from the

project environment is shown in Figure 5.
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Factors from project environment

Internal Factors External Factors
Commaica | ot | | omesvet | | sa || Fwostom | | Fasion | [Feasion | feasiorn
tion Factors schedule i factors clients' space
factors the project * space space

Figure5: Hierarchical structure of factorsform project environment
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Internal factors are specific to the target project under consideration. In contrast, external
factors are those factors that are not dependent on specific project. External factors include,
the structure of the clients' and the developers organizations, the nature of the problem
domain, and other influences of standards, rules and regulations. In the next section the

detail of factors under each of the two categories will be discussed.

4.1.1.1. Internal Factors

Internal factors are time, space and people specific. Factors under this category are
dependent on the specific project. The maximum lifetime of these factors is the project
duration and their influence is bounded by the project boundary. Factors in this category are
grouped into five subcategories, which are: communication factors, cost and schedule

factors, objective of the project, and skill factors.

Communication factors are factors that originate from communication between members

of the developers and the clients’ spaces and among members of each space.

Cost and schedule factors are related to the budget alocated to the project and timetable
for different activities.
Objective of the project involves all factors that deal with the purpose of the project. The

objective can be to develop a new system or to buy off-the-shelf product, or to extend an

existing system.

Skill factor s deals with skills and experiences of clients, analysts, and developers. This can
include familiarity of usersto computer technology, skill and experience of developersin a

given devel opment approach.

The following section will discuss each one of those subcategories in some detail; factorsin

each of the subgroups will also be discussed:
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A. Communication factors

Requirements elicitation is the most communication intense process [1, 42]. It involves
social communicative issues as well as technical issues [47, 48]. The Savant Institute study
found that “56% of errors in installed systems were due to poor communication between
users and analyst in defining requirements and that these types of errors were the most
expensive to correct using up to 80% of available staff time” [22]. Therefore,
communication is one of the major factors that affect, not only the elicitation process but

also the project success.

Stakeholders (developers, customers, users and analysts) involved in the requirements
elicitation process often have different backgrounds and their own interest, which makes
their communication complex. The requirements engineer must bring them together to
communicate their interest, rectify any conflicting interests and seek for possible solutions.
Something, which is common to some group of stakeholders, may be completely new to the

other [4].

Factors in communication include lack of the communication skills, inconvenience of
bringing stakeholders together because of factors like geographical separations and
background differences and exposure to the language used for communication. Some
groups may be very familiar with formal languages and models and others may not even
have any experience of requirements elicitation process. Therefore, the elicitation process
must be adjusted to maximize sound communication among stakeholders. The selection of

the right tool that comforts participants should be selected.

The best communication facility also should be selected that minimizes any kind of

misunderstandings and ambiguities. For example, in an environment where users are not
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familiar with models using model as a communication technique may result in
misunderstanding among the analysts and users. Chosen techniques should always favor
sound communication among stakeholders. If users have little computer knowledge then it
is better to select elicitation techniques that centers users themselves, which will make them
part of the development process so that they will not resist the new system. Some elicitation
techniques require a higher level of communication skills. For example, JAD require a
highly skilled facilitator to enhance communication among stakeholders and to resolute

conflicts.

Since users and customers often have difficulty of understanding formal languages, using
elicitation techniques that produces natural language could be better. On the other hand,
using those techniques may result in ambiguous requirements, which opens the door for
multiple interpretations. Thus, the selection of the technique should be dictated by the skills
and experiences of the stakeholders. If stakeholders are trained with modeling techniques
then it may be better to use modeling techniques because they are good to state

requirements that avoids ambiguities.

When stakeholders are geographically far apart from each other, the selection of the
appropriate elicitation technique depends on availability of the suitable communication
technology. On the other hand, even when stakeholders are close to each other, it may be
very hard to organize meetings for identification of requirements. Some of the reasons for
this could be unavailability of key stakeholders, or employees may not want to discuss on
Issues of the company explicitly because of some office politics and other personal reasons.
For example, using questionnaires to very busy people makes the rate of respondents very

low. Using JAD for people who are very busy is aso not a good idea because it may be
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very hard to schedule meetings. Key stakeholders may be inaccessible in some situations,

which may result in constant change on the captured requirements.

While the main objective of requirements €licitation is extracting the interests of
stakeholders, sometimes stakeholders may be unable to articulate their needs. In such
situations it is good to use non-verbal techniques such as observation, ethnography,

prototyping, and document analysis [40].

Generaly bad communication is the killer of a project while good communication, on the
other hand, is its redeemer. Therefore, analysts should give serious attention to factors

related to communication.

B. Objective of the project

The objective of the project involves the type of customer to whom the system is
developed, the nature of the system with respect to existing systems, the main subject of the
new system, and other factors, which are normally set before the beginning of the project.

The objective of the project is very important to decide which technique to use.
e |Isittodevelop anew system or to upgrade an existing one?
e |Isthe product for internal use (i.e., within the company) or for external market?
e |sthe system generic or specific to some problem?

e Who is the main subject of the target system? Is it the customer or the users or top

managers in the users organization?

If the new system is part of an existing system, it will be constrained by the architecture of
the existing system [4]. In such situations, €elicitation techniques that concentrate on the

study of existing systems, like document analysis, are encouraged.
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In some systems the requirement for the user interface is very important. This might be
because; novice users will use the system. If this kind of situation exists, it is good to use

technigues that help to involve users and to deploy some visual models.

C. Cost and schedule factors

The success of a project can be measured with development of a quality system within the
budget and schedule. Financial and time constraints are common in most software
development projects. Often it is a great challenge for project managers to meet these two
constraints. Cost and time constraints seriously affect the selection of the elicitation

technique.

In the presence of time constraints, using techniques that took too much time results in
failure to meet deadlines. It takes considerable amount of time to setup some techniques,
and some techniques take elongated time per elicitation session and other techniques need
much time for data analysis. For example, preparing structured interview or questionnaire,

analyzing data after implementing observation technique is a time consuming activity.

The cost of elicitation techniques can be measured with usage of special equipments, cost
of training, analysis cost of the collected data, elicitation session setup cost and cost of
holding each session. In the presence of tight budget, using techniques, which are

expensive, foster the project failure.

In general, whenever a technique is selected it is wise to give due attention to the budget

and schedul e constraints.

D. Skill factors

Some techniques demand specia skills from analysts and other stakeholders and some

technigues such as interaction and discourse analysis need formal training. For example,
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group techniques need a highly skilled facilitator for successful group session outcome. If
clients are not computer literate or don’'t have elicitation experience they may be too
ambitious or too reserved. In this case, tools or techniques that show them the capacity of

the current technology, such as prototyping, must be deployed.

If the users are compulter illiterate it may be important to concentrate on the usability of the
system and to use a technique that facilitates the extraction of best fit user interface and
simple to learn system. If developers are not clear with the solution of the problem and
have uncertainty on the technical feasibility of the requirements, it is good to use

techniques like prototyping.

4.1.1.2. External Factors

Externa factors, as described previously, are those factors that affect the selection of
elicitation technique from outside of the project space. It includes the culture, practices and
any other impositions from the clients', developers and the external environment. The
factorsin this subcategory are not specific to the target project. Every similar project or any
project developed by the same group of stakeholders can be affected by these factors.

Based on their source, external factors are grouped into the following four subcategories:

Factors from developers' space

Factorsfrom clients space

Factors from problem space, and

Factors from external space
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A. Factorsfrom developers space

Experience of developers on the solution domain, familiarity of analysts to the problem
domain, organizational policy of the development company influences the selection of an
elicitation technique. For example, if analysts are not familiar with the problem domain,
questionnaire or structured interview may not suite the project environment. The position of
the developers' team in the system devel opment process also affects the technique selection
process. For example, in some projects, the developers may be users and customers of the

system, which may lead us to the use of introspection technique.

B. Factorsfrom clients space

In some client organizations, practices may not be documented (i.e., they may not have
documented work procedures, manuals and policies). In such kind of organizations,
practices can only be captured from those who exercise it and are exercising. In some
organizations, the social interaction among employees may be very poor while in others
unhealthy competitive spirit may exist. In a heathy environment, users may not have a
problem to explicitly state their need. On the other hand, in a hostile environment, they may
restrain from explicitly describing their needs. Sometimes vision gap may also exist among
employees in the client organization, for example, between the top management body and
the actual users of the system, which possibly call the intervention of experts to narrow the
gap. Past experiences of client organizations might indicate that there is high staff turnover.
This makes documentation of requirements rationales crucially important and techniques
that facilitate this should be selected. Organizational goals, policies, and structure and work
roles of intended end users also affect the selection of elicitation techniques. Maturity of

manual systems should also be considered while selecting elicitation techniques.
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C. Factorsfrom problem space

The nature of the problem and solution space also affects the selection of élicitation

techniques. What kind of system isthe target system?
e Isitinteractive?
e Data-centric?
e Real-time?Or
e Distributed?

The modeling that is going to be used for the communication among stakeholders is highly
affected by the kind of application that is going to be developed [9]. For example, for
interactive systems, it is good to use use-cases and scenario; for data-centric applications,

E-R moded isthe best choice.

In some application development areas like embedded systems, stakeholders have very
little impact on the software requirements. Since the hardware design is already there the
software requirement will highly be dictated by the hardware architecture. Hence, in such
application, the hardware architecture can be used as a source to determine the type of

software to be developed.

The other major point is availability of reusable domain assets in the area of the target

system domain.

D. Factorsfrom external space

Factors from external space include those factors that are derived from outside of the
clients’, developers and problem space. This includes imposition of standards, policies,

rules and regulations by standard, legal and government institutions. For example, in some
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countries, encryption of data beyond some level is not allowed for the sake of national
security. When such kinds of constraints are expected in a given project, it is good to
contact the domain experts and referring to legal and standard documents. Factors in this
subcategory are cross-domain factors (i.e., they are not specific to the domain of the target

system).

4.1.2. Requirement type

The other factor that affects the selection of elicitation technique is the type of information
that is going to be elicited. Requirements elicitation activity is not a one-time process rather
itisan iterative process. At different times of the software development process needs arise
for the elicitation of certain types of information. During the early stages of requirements
elicitation, analysts may not be familiar with the client's organization, members
categories, culture and politics in the organization. But at later stages they will become
familiar with the new environment. Therefore, the technique that we use during the early
project stage will be different from those that will be used in later stages. Thus, at the
beginning we may need to use techniques that give us the general picture of the
organization and after that we can deploy other techniques that will help us to know the

details.

Every elicitation session has one or more goals. The goal can be extracting information
regarding the clients' organizational context, identification of the scope of the project,
identification of the features included in the target system, detail of the features, existing
system evaluation, rationale identification and refinement of already captured requirements.

Thus, based on these possible goals, type of requirements can be grouped into Six
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categories namely: context study, boundary setting, features identification, system

evaluation, rationale identification and requirements refinement.

The six goals are not sequentially ordered. At any point, any one of the goals may get
activated, and need arise to extract some kind of requirement. Therefore, it is not a
necessity to address the goals in some predetermined order. The execution of the goals
depends on specific situation of the project. Thus, the goals are situation driven. For
example, if the users are the devel opers then they may not need to study the context, which
is used to get the true interpretation of elicited requirements. In the lifetime of the project, if
conflict and ambiguities arise, then requirement refinement and rational e identification may
be the solution. In the following section, each group of requirement type will be discussed

briefly.

A. Context study

Most current practices concentrate on the computer system without much concern for
organizational factors. However, it is from the context knowledge that other requirements
would get their true meaning [4]. Requirements elicitation should start with the study of the
organizational and contextual nature of the target system. Value system of the organization,
work structure, basic aspects of socia order, basic category system used by the members,
division in social groups, typical pattern of work, and how current technology is in use

needs to be identified before the detail requirements elicitation activity.

Context study gives the global view of the environment in which the target system resides.
This activity guides or structures the subsequent elicitation activities. It is also through the
context that it would be possible to avoid ambiguous requirements that lead to multiple

interpretations. Identification of political and power relationships, study of organizational
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behaviors, identification of mission of the organization, culture of the organization, and etc

highly affect the requirements elicitation activity.

To perform context studies, the right elicitation technique has to be selected. Some of the
technigues such as questionnaires need detail knowledge of the organization and categories

of the target subjects.

B. Boundary setting

System boundary setting is an activity that is performed to put a demarcation between
things that should be included in the project and those that shouldn’t. Boundary setting
activity involves identification of the goal of a system, high-level statement of the target
system’s mission or role, architectural constraints, and determination of existence of

another system.

In boundary setting there are five activities to be done: identification of stakeholders,
determination of operational context, determination of the problem context (i.e., define
operational models, goals, and mission scenario), identification of similar systems and

performing problem context analysis[4].

Elicitation activities, which are too narrow or too broad, may result in requirements which
are ambiguous, non-traceable, unnecessary and non verifiable [4]. Therefore, it is very
important to have clear scope information, and for that, the appropriate tool should be

employed.

C. Featuresidentification

The primary interest of users is to have a system that will positively affect their
environment [12] (i.e., the introduction of the new system must bring a difference in their

performance and efficiency). The identification of the important parts of the users practice
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involves three activities — identification of the static nature of the system, its dynamic
nature and the data requirements. Features identification involves identification of problems
seen by the members as most important, detail study of the problems that needs to be
addressed, and identification of data objects. If the features identification isincomplete then
it will cause high maintenance cost after the system is deployed. Therefore, to have a stable
system we must identify, as many of the features as possible in the early stage of the
project. Hence, the question is, which technique is most suitable for the features
identification.

D. Rationalesidentification

In the course of software development, requirements document is used as a reference for
conflict resolution and clarifying ambiguous requirements. It is also used as a reference to
get the original rationales of requirements when there is a feel of uncertainty in the
interpretation of requirements. In an unstable organization where there is a high rate of staff

turnover, rationales for previous decisions may be lost along with x-staffs.

In the middle of system development some key stakeholders may be missed. This has a
potential for the system to slide away from its original objective. The best thing that must
be done, in such situations, is extracting or capturing the reasons of each of the
requirements during the elicitation process and documenting it properly for the subsequent
phases. Having such a document is also one of the major factors that affect the traceablility
of the system. Some techniques, such as Issue-Based Information System (IBIS), are good

for identification of rationale and selection of the appropriate techniques.
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E. Requirementsrefinement

The need for holding requirements elicitation sessions can be triggered whenever thereis a
need to uncover some knowledge. Requirements, after being captured, should be refined to
detect and remove any kind of redundancy, incompleteness and conflict. When
incompleteness or conflict is detected, holding a refinment process is unavoidable. The
refinement process can be categorized into three groups: Clarification of unclear or
ambiguous requirement, identification of unknown requirements, and identification of

conflicting requirements.

A great deal of uncertainty in requirements, a need for early feedback from stakeholders or
high risk on the selection of technology should be clarified. Messy, changing, ill-defined
problems, which have the capacity to cripple the project, should be settled down.
Identification of unknown requirements requires some sort of stimulant to help stakeholders
recall forgotten or neglected requirements. Conflicting requirements may also call for
modeling techniques to integrate the requirements and see any conflicts. If the conflicts are

already detected then techniques that assist conflict resolution should be deployed.

The quality of requirements is measured by completeness, un-ambiguity, verifiability,
consistency, modifiability, traceability, and usability of the requirement. Thus, to reach at

this goal, the requirements should be refined.

F. System evaluation

The system evaluation can be made on an existing system to see its drawback and to
upgrade it or it can be made on a newly introduced system to see the users response to the

new system, which will serve as a requirement for the subsequent maintenance activity.
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4.1.3. Domain knowledge

In the past, many studies have been carried out to improve the requirements elicitation
process and on elicitation techniques, but little is done on specific domains [8]. Most
researches were concentrating on generic solutions, which they think, can be used across
domains. However, when we come to specific domains, they have their own special nature,
which favor some of the available elicitation techniques. Hence, there is a need to take
domain considerations for selecting suitable techniques. Techniques, which could not be
used in the domain and techniques, which are suitable for the domain, should clearly be
identified. The purpose of this section is to deal with the health-care domain. The nature of
the domain and techniques appropriate to the domain and those that are not suitable for the

domain will also be discussed.

4.1.3.1. The nature of the health-care domain

The first challenge of the health-care domain is a problem of terminologies that are unique
to the domain [8, 43]. There are lots of special terms that are new for an outsider such as
the analyst. Different terms could be used for the same concepts and the same terms may
have different meanings in different areas. This problem, unless treated earlier, causes

misunderstanding among stakeholders.

One way of addressing the terminological problem can be preparing a glossary before
getting in to the depth of the problem. This approach has two advantages: first it helps to
improve understanding among stakeholders, second it will serve as an asset in the domain

for future reuse.
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Leite and Franco [30] suggested a Language Extended Lexicon (LEL), which will store
symbols representing notions and behavioral responses within the area where the notions

and responses are used.

In the health-care domain there is a high concern regarding data privacy, confidentiality,
and security. For example, the American Medical Association (AMA) suggests the need for
utmost effort and care to protect the confidentiality of computerized medical records.
Among the AMA’s guidelines are requirements for both the patient and physician be
advised about the very existence of computerized medical database. In addition, the AMA
requires that this information be communicated to the patient and physician before the
physician releases the information as necessary to obtaining the patient’s fully informed

consent to treatment [33].

The current laws on medical record privacy and confidentiality are not uniform throughout
the world and often contradictory [33]. The bundle of privacy rights is based upon ethical,
common law and statutory requirements-all of which protect one’'s autonomy or privacy in
one’'s medical information. It is helpful for analysts, working in the area of health-care
domain, to understand these rights, which are sometimes termed “information privacy

rights”.

The physician-patient relationship is confidential. Were that not the case, most patients
would be reluctant to divulge information necessary to the diagnosis and treatment of their
problems. There must be a mechanism to protect both the health system and information

contained within it from unauthorized access misuse, and accidental damage.

Software applications developed in the health-care domain for medical equipments needs

utmost care because they involve the lives of many people. In this domain, technique
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selection constraint, range from the availability of stakeholdersto the restrictions on the use

of some elicitation techniques due to legal and ethical issues.

The health-care domain is one of the areas where there are lots of activities that are still
done manually (i.e., in most hospitals and other health-care institutions most activities are
done manually) [8]. This creates an opportunity for analysts to reengineer activities in
those hedlth institutions to come up with the best way of doing things. Identifying the
rationales behind the choice of the different options will assist the analyst to reach at the
best way. As Davenport [10] indicated, information technology should support the re-
engineering of business so that it can achieve the most efficient way of conducting

business.

Most professionals in this domain are new to the usage of computers. For example, in UK,
although the country adopt the use of computer system as a national policy for
professionals involved in assessing elderly people, only 1% of these professionas are
currently using computer systems [36]. This figure, for developing countries, in the absence
of a single computer in some hospitals, could even be worse. This shows how difficult
using computer can be in this domain. The ignorance of physicians to computer skills along
with their busyness necessitates usability of health-care applications crucially important.
On the other hand, as indicated previously, the physician-patient relationship should be
confidential and this imposes a task of data entry on the physician, which will not be a
simple job [43]. Hence, health-care systems need to seriously consider the user interface to

make physicians and nurses comfortable.
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Health-care domain is characterized by having lots of non-functional requirements as
indicated above. Safety, reliability and availability are also crucia requirements in the

health-care domain.

It seems that very early on, scientists and doctors alike were captivated by the potential
computer technology might have in medicine [5]. But the introduction of computer

technology is not as would be expected.

4.1.3.2. Techniquesfor health-care domain

From the plenty of élicitation techniques available, some of them are more suitable for the
health-care domain, some can be used with some modification and some are not even

applicable to the domain.

Considering the constraints stated in the previous section, elicitation techniques are rated
based on their applicability to the domain. The detail of each of the techniquesis shown in
Appendix A. In the table, the applicability of the different techniques to the health-care
domain is quantified. The table doesn’t contain all techniques; it only contains techniques
studied in this thesis®. The table can be expanded to include more techniques and practical
experiences of analysts. In the table, the value O indicates that the technique cannot be
applied in the domain, the value 2 means it is highly suitable to the domain, and 1 means

the technique can be applied but is not the best option.

4.2. Elicitation techniques

According to Maiden and Rugg [31], the best elicitation technique is the one that is easy to
set, run and obtain requirements; the one that needs only one analyst and one other

stakeholder; one that require less technological equipments; and finally one that doesn’t

%Y ou can find them in appendix B
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antagonize or bore stakeholders and avoid alienating stakeholders. But, the main issue is:
which elicitation technique satisfies all those conditions in any situation?” The answer for
this question is “none”; no technique has all the attributes in all the situations. The type of
the requirement to be elicited and the environment in which the problem is situated affects

the efficiency and effectiveness of an elicitation technique.

Each of the elicitation techniques may be more suitable for one particular situation than
another and therefore, part of the requirements engineering challenge is to choose the right
one for each moment [8]. The complex nature of requirements, the sensitivity of the clients
system, the cost of error correction introduced during requirements elicitation process
necessitates the usage of the right technique to overcome as much of these challenges as

possible.

The success of an elicitation technique is measured by how much it helps for the
identification of the real needs of stakeholders. If we could find an elicitation technique that
isless costly, fast enough, and little impact on the client system, then that technique will be

the best candidate for the elicitation process.

As indicated above, the effectiveness of an elicitation technique is highly dependent on the
environment in which it is situated. For example, group meeting techniques like JAD/RAD
are best candidates for having agreed requirements [4], but if it is difficult to arrange
meetings then trying to use the technique may be more costly in terms of preparation time
and energy. Therefore, before deciding which technique to use, it is good to study the

situation in which the technique is going to be used.

Researches are emphasizing that it isimpossible to separate the elicitation process form the

environment in which the problem resides. As a result of this, they are trying to include
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elicitation techniques from other fields such as linguistics, sociology, psychology and
anthropology [20]. Most of the software problems are in some social, cognitive and
organizationa environments, and this makes them difficult to be elicited by the currently
popular software €licitation techniques [38]. That is why requirement engineering is
stretching to adopt techniques from other disciplines, even if most of the techniques are not

well tested in the software industry.

The choice of the elicitation techniques depends on constraints like time, cost, type of
knowledge to be elicited and technology requirements. Nuseibeh and Easterbrook [37]
categorize elicitation techniques into six categories based on their nature namely,
traditional techniques, Group elicitation techniques, prototyping, model-driven techniques,
cognitive techniques, and contextual techniques [37]. It seems that they categorize
elicitation techniques based on their origin, their nature with respect to dealing the context
of the system under development, the language used for communication and the number of
people involved at a given dlicitation session. Their categorization doesn’'t include those
technigques that come from linguistics such as discourse analysis and content analysis. It
also excludes simulation techniques like war gamming, role-playing, scenario anaysis
technigues. In each of the categories, they just indicated few representative examples (i.e.,

they didn’t include as many techniques as possible in each of the categories).

However, in this thesis requirements elicitation techniques are classified into six categories:
traditional techniques, group techniques, simulation techniques, cognitive techniques,
content analysis, and immersion techniques. The categorization is made based on the type
and depth of information that the techniques can elicit and the situations in which they can

best be applied.
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Traditional techniques include techniques that are usually used to collect broad spectrum
of information [37]. The main characteristic of most conventional approaches is that they
assume preexisting categories. They also consider the system as being static throughout the
course of the elicitation activity. For this thesis, only four of those techniques namely

interviews, questionnaires, and document analysis are discussed.

Group techniques are techniques, which involves interaction of group of individuals. In
this category JAD/RAD, focus group, team building, Issue-Based Information System

(IBIS), and Deliphi techniques are discussed.

Simulation techniques are techniques, which are used to get requirements that are difficult
to capture and demands to stimulate stakeholders to enhance the requirements extracting
process. In this category, techniques like, scenario analysis, prototyping, model-based

techniques, role-playing, and war-gaming techniques are included.

Cognitive techniques focus on the individual perception of the problem and the solution
for the problem. In this category, protocol analysis, card sorting, laddering and

Introspection techniques are discussed.

Content analysis techniques are used to analyze the content. The content can be words,
phrases, sentences, paragraphs, pictures, symbols, or ideas. There are many textual, video
and audio products of other techniques such as interview, observation, video-based
technigque, scenario, etc. In this category, techniques, which could be used to analyze those
products to elicit more requirements, to clarify existing requirements and to resolute
conflicts will be discussed. The techniques, which will be presented, involve mind

mapping, video and audio based elicitation, and Requirement Reuse.
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Immersion techniques are techniques that demand the direct involvement of the analyst
into the users’ system and look and compile the moment-by-moment activity of the clients.
In this category, ethnography, interaction analysis, apprenticing, discourse analysis, and

observation techniques will be discussed.

Appendix B contains a total of 26 techniques grouped in to their category and discusses

each of the techniques briefly.
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As discussed in chapter 4, the requirements elicitation technique selection takes factors
from the project environment, requirements type, and problem domain. Elicitation
technigues and their category is aso discussed. The remaining question is how to relate the
factors and the techniques. There are two options for linking the two: the first is mapping
the techniques into the factors and the second is the vise versa (i.e., mapping the factors
into the techniques). In the Elicitation Techniques Selection Framework (ETS) the second
option is chosen. The reason for that is, because it is the way the techniques are chosen in a
natural setup. It is after having the problem that analysts think about any kind of technique.
The ETS framework first collects data about the situation of the problem from the analyst
and then it will use the data to filter the suitable techniques from the available €elicitation

techniques.

5.1. The ETS framework

The ETS framework is a three-step probe-based framework. In the framework the analyst
will be asked a set of questions which are targeted to identify the conditions in which the
problem is situated. The responses to the probes will then be used to filter the set of

elicitation techniques that are appropriate to the target problem.

In the first step, information about the goal of an elicitation session will be collected, which
will be used to filter those techniques that suite the goal. In the second step, information
about factors from the project environment will be collected, which will be used to filter
those techniques that suite the project environment and applicable to the goal. The third and
final step will further filter the set of elicitation techniques that are aready selected to be

suitable to the goal and project environment, to get the final set of elicitation techniques
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that satisfy the domain constraints too. The general procedure of the framework is shown in
Figure 6.

The responses taken from the first set of probes will be applied on the set of available
techniques € to get another set of techniques 6, where 6 — ¢ and o will contain all
techniques, which are applicable to the selected goal. This set will be used as an input to the
second step. In the second step, the responses about the project environment will be
collected and used to further filter 8, to get another set of techniques (say Q), that
suite the project environment. Thus, € is a set of techniques that are appropriate to the goal
and project environment, and QQ < 6. Findly, in the third step, domain constraints will be
collected and used to further filter Q2 to get the final set of techniques ¢, which is the set of

applicable techniques to the elicitation session and ¢ < Q.

The order in which the three steps are done doesn’t affect the final output. As a matter of
fact, it is even possible to apply all the filtering factors at once. The reason for dividing the
filtering process into the three stepsis for the sake of manageability of using the framework
in this thesis. But in the future as factors interdependency is studied it would be very
important to have those steps because it would be possible to consider only techniques

which are interlinked in the selection process.
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Goal and type of All elicitation
knowledge techniques

First step

Factors from project
environment

Techniques suitable
for the goal

Second
step
Domain Constraints Techniques that suite the goal and
project environment
Third step

I

| Final set of techniques

Figure 6: Therequirementselicitation techniques selection framewor k

The detailed discussion of each of the three steps is presented in the following paragraphs.

Step 1. Goal Setting: This first step identifies the goa of the elicitation session. It
identifies the reason why the analyst wants to hold the elicitation session. The goal defines
the type of the targeted information to be elicited and why the elicitation session is going to

be held. The framework presents probes related with the goal and then the responses will be
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used to filter those techniques that can be applied to address the goal and €licit the required

knowledge. Some of the probes used at this step are:

e Isyour goal identification of organizational context?

e Isyour goa identification of boundaries of a system?

e |Isyour goa identification of rationales?

The categories of goals are already discussed in section 4.2. Regarding the probes it is

possible to have more than one probe for a single category of goal.

In case, the analyst has more than one goal, only techniques that are applicable to all the

chosen goals will be selected at this step.

Step 2: Project environment identification: It is not always true that every technique that
works for the goal of a given session also works for the project environment. For example,
JAD technique is good for the goal of requirements refinement, but if stakeholders are
unavailable then, it will be unsuitable for the current elicitation session. This step is
designed to identify any kind of factors that are derived from the project, problem, client,
developers and external spaces. The responses to the probes, provided by the framework,
would be used to further filter those techniques, which are not suitable for the project
environment. Hence, the output from this step will be all elicitation techniques that are

suitable for the targeted goal and that are applicable to the project environment.

Step 3: Domain identification: In this step the problem domain will be considered. Some
of the techniques from step 2 may fit to the goal and the project environment for an

elicitation session but they may not be appropriate for the domain of the target system.
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Thus, this step is designed to further filter the list of elicitation techniques to get only those

technigues that are applicable for the domain under consideration.

Sometimes there is a possibility for a given problem to belong to more than one domain [6].
If the target application belongs to two or more domains, then it is necessary to consider all
domains, to which the problem belongs. In the case when more then one domain is
selected, the framework gives list of elicitation techniques applicable to all involved

domains.

For agiven project, the goal of elicitation sessions changes during the course of the project.
Each elicitation session targets on the extraction of some information and, after holding the
session, we will have another set of requirements that call for another session. Therefore,
the goal factor of the selection process may vary for each session unless there is failure of
attaining goals, in previous €licitation sessions, or there is a feel of incomplete

requirements.

The project environment also changes along the course of the project. The communication
among stakeholders may improve, hot political issues may cam down, analysts may
become familiar with the techniques, and available domain assets may latter be discovered.
Thus, at each of the selection sessions, the framework will track any change on the values

of factors from the project environment.

When it comes to the domain constraints, it is the most stable factor. Often domain
constraints would have the same value throughout the lifetime of a project. This parameter
may only need to be considered when some change in the domain is expected. For asingle

project, reconsideration of the domain parameter will be important, if the project takes
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severa years, or the icitation is for an existing system that was under use for many years

without maintenance.

From the above discussion, we can conclude that the goal of elicitation session is the most
dynamic and the domain constraint parameter is the most stable while the project

environment is somewhere in the middle.

5.1.1. The ETS selection rule

The ETS selection rule shows how a set of €elicitation techniques will be selected for a
given elicitation session. In this subsection, we will see how we apply responses for the

goal, project environment and domain to filter elicitation techniques that fits the condition.

From the studies made on the project environment, requirement type, domain constraints
and the study of elicitation techniques, suitability of techniques to given situation is rated,

numerically.

The degree of applicability of atechnique for a given goal, project environment, or domain
is rated with values ranging from 0 to 2. The value O indicates that the technigue cannot be
used for the given condition and the value 2 indicates that it is highly recommended to use
the technique for the situation or the technique is an ideal option. The value 1 indicates that

the technique can be used in the specified situation but is not the best technique.

For example, using JAD in a situation where the stakeholders are very busy and arranging
meeting is hardly possible, is impractical. In the same way, using ethnography in the
presence of tight schedule constraints is not applicable; in situations like this, the value 0 is

used for the applicability of atechnique to the given factor.
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Applicability of a questionnaire for requirements refinement can take the value 1. It means
that the technique can be used but it is not the most recommended because it has lots of
constraints and limitations that could potentially result in wrong or incomplete putputs.
When the size of stakeholders is extremely large and there is diversity among users, using
questionnaire may be the best option. If the project is under tight schedule-constraint using
interview can be an idea solution. In such conditions, the value 2 is given for the

applicability of the technique to the situation under consideration.

Probes that are designed to investigate the goal and other information will be provided to
the analyst. Then, based on the responses to the probes, the list of the elicitation techniques
that are applicable for the specific problem and project situation will be selected from the
available elicitation techniques. The techniques, which will be selected, are only those
techniques whose applicability value to all the conditions considered is 1 or 2. Techniques
with applicability value O for one of the conditions, are totally inapplicable. For a given
technique, if it is inapplicable for one of the conditions, then that technique will not be

selected at all.

The applicability of the technique to a given dlicitation session is called Total Applicability
to a Session (TAS). TAS is calculated as the sum of the Total Applicability to Goals
(TAG), Total Applicability to the Project Environment (TAPE) and Total Applicability to

the Domains (TAD) of the specific technique.

Suppose we have goals g1, 9z, g3, --., gp and techniques ty, ty, t3, ..., tk and the applicability
value of the techniques to the goals as shown in Table 1. The TAG value of atechnique t;

for agiven elicitation session will be calculated as follow:
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p
TAG:i = Z agri
where ag;; refers to the applicability value of the techniquet to goal g,
andag; =0foralr=1.p

Techniques
el {1 to i3 Tk
01 ad11 aJi12 aJ13 e A1k
J2 ago1 ago2 ago3 .. agok
J3 ags1 ags2 aJs3 .. a0zk
Oo a0p1 a0p2 aJp3 e a0pk

Table 1: Techniques applicability to goals
Similarly, suppose we have project environment factorsfy, f, fs, ..., f, and techniquesty, to,

ts, ..., tk. The applicability of each of the techniques to the environment is as shownin

Table 2. Thus, TAPE of a technique t; for a given elicitation session will be calculated

using the following equation:

n

TAPE; :kz‘é 1afkid

where afyiq refers to the applicability value of the technique t; to factor

fi with degree d, and afyiq = O for all k=1..n
The applicability of a technique depends on the option selected for the factor from the
project environment. For the degree, we have a range of 5 values from 0 to 4, the meaning
of the values to each of the factors, is different. The list of the factors that are considered in
this work along with the values to each of the degree is shown in Appendix C. The analyst

will fill the degree of intensity of that situation, represented by the factor, in the existing
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situation. After the choice of the degree, only those techniques whose applicability value to

the given factor and the chosen degree is non-zero, will be selected.

Techniques
Factor | Degree t t ts t
0 af 110 af 129 af 139 af 10
1 af111 a1 a1 af
f1 2 af11o af12 af13 af o
3 af113 af 123 af 133 af 3
4 af114 af 104 af134 af 1ka
0 af210 af 220 af 230 af 2o
1 afxn af 220 af 233 afoa
fs 2
4 af214 af 204 afp34 af oa
0 af310 af 320 af 330 afako
1 afz11 af31 af31 af 31
fa 2
4 af314 af 304 af334 af3ka
0 afn1o afn2o afn3o af ko
1 a1 afno1 afnat af it
i 2
4 afn1a afnoa afnza af nka

Table 2: Techniques applicability to project environment
In the same way, suppose we have domains di, da, ds, ..., dm, and techniques ty, t», ts, ...,

t. If the applicability of each of the techniques to the domainsis as shown in Table 3, then

TAD for agiven techniquet;, can be calculated as:

m
TAD; =SZ:2 1adgi
where adg refers to the applicability value of the technique t; to domain
dsand adg = Ofor al s=1..m
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. Techniques
DN {1 to i3 . Tk
dx ady adhy adis e adhy
d, adh: adsy adhs e ady
ds ads ads, ads3 " adk
dm adml admZ adml% e admk

Table 3: Techniques applicability to domain
Finally, total applicability of technique t; for a given dlicitation session, TAS, can be

calculated as follows:

TASi=TAGy + TAPE; + TADy

For a given €licitation session, having higher value of TAS, means that the technique is the
best candidate for the session. After having the techniques in their priority, it is the task of

the analyst to judge the technique to be used in the current situation.

5.1.2. ETS application example

In this section, Clinical data management (CDM) system is used to illustrate the three steps
of the ETS framework and to see its effectiveness. In some part of the demonstration,

screenshots from the ETS prototype are used.

In the sample demonstration, only project environment factors that are common to most
projects are considered. Concerning goals, 7 options are used for the demonstration. Most
of them are taken from the requirements type discussion in section 4.1.2. The goals are
adjusted in a way that analysts could easily understand them. g, which is the list of al
available techniques, the set of all elicitation techniques discussed in this thesis work

are taken.
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Step 1: Goal identification

As it is shown in Figure 7, suppose, “identification of organizational context”, is chosen

asagoal for an elicitation session in the CDM system devel opment.

/4 Goal - Microsoft Internet Explorer I ] 3
File Edit ‘“ew Favorites Tools  Help ﬁ
= Back ~ = - @ i | @Search [3] Favarites @Media @ | %v = -

Address @http:,l',l'lu:u:alhu:ust,l'ets,l’gu:ual.asp j ﬁGD Links **

ETS System Prototype

Requoremerts Fliatanon Techrgque Selschion Swtam Fratohmpe
SIEP Ir Goal identification Pracess: What is the goal of pour elicifation session?

Check Prohe Description
¥  Identification of organizational context Dezcrption
M Identfication of boundanes of the target system Description
[T Identification of features of a system Dezcrption
[T Detal investioation of a given feature Dezcription
™ Identfication of rationales for requirements Description (I
[T Clanfication of uncertanties in requirements Dezcription
I Conflict resolution Dezcription
Mexd hd
|:E:| I_ I_ I_ (o Local inkranet v

Figure 7: Goal selection window
The following table contains the applicability of each of the techniques to the
“identification of organizational context” goal. The table is part of the applicability matrix

of techniques to goals shown in Appendix D.
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Techniques
3
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o) 125| |alo|g 4 3| |8 2
SIglE|= %g% & @mg’-gc» c
<.%E'8%c<(:cé<c,gg = g%g-a;sg<
gl Sigl5g<|2|L|2|ggls|glsl28 o|B|= %88-—8
éggggB%EgaEgg’g%O EngEP%§§
S| 5 3 g =

AHEEEEER R EEE R E SRR
2D | &= — — g} == f—_— —
8o d|I5|S|E|s|3|o|m|alalE|d|S|ee|s|(<|e|e|S|a|2|8|E
111{2}1(0|1|0(2]|2 o(1|0{2}j1(1|0|0f1|2|212j0|0]|0]1

Table 4: Techniques applicability for extracting or ganizational context

Since those techniques whose applicability value is 0 will not be included in the candidates
list, the set of the applicable techniques that suite the selected goal are only 17 of the 26
techniques:

6 = {Document Analysis, Questionnaire, Structured Interview, Unstructured
Interview, JAD Session, Video and Audio, Observation, Ethnography, Discourse
Analysis, Introspection, Laddering, Focus Group, IBIS, Team Building, Interaction

Analysis, Requirements Reuse, Mind Mapping}
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Step 2: Project environment identification

At this step, the analyst is expected to provide information regarding the project

environment of the project. In this section, 16 probes are filtered from the study of the

project environment and elicitation techniques that were described in Chapter 4. Figure 8

below shows the screenshot of the ETS prototype and the selections made regarding the

sample problem.

File Edit ‘“iew Favorites Tools Help ‘ Links **
fddress |r€"| to: 1T localhoet feke for o veironme j E
Requirements Blicitation Teciuque Selection Stem Prototype -]
SI-EP 2- Project Environement Assessment; Choose 0, 1, 2, 3, 4 NA for each probe listed below:
i NQ, 4 Fes NA:: Not Applicable The other values are between MNo and Fes
Ko Probe 0 1 2 3 4 NADescription
1 Stakeholders are large in number ¢ & ¢  Description
5 The purpose of the project is to maintain existing & ¢ Descriotion
systetn B
3 The target system is an mteractive system 0 O & O O Descrption
4 ERelationship between analysts and clients is good ¢ C &  Description
5  Practices in the clhient organization are documented O C & O Description
&  Eey stakeholders are easily avalable CC & O Description
7 Tzers have no trouble articulating their need @ O O O 0 0 Descrption
B Tlsers are computer literate « ¢ ¢ C Description
8 Analysts are familiar with the problem domain & O Description
10 The project is under serionz schedule constraint CC C & Description
11 The project is under setions financial constraint @ C O O 0 Description
12 There is enormous and constant flux of stakeholders ¢ ¢ & & & 7 Description
13 Stakeholders are highly diversified & ¢ ¢ C ¢  Description
14 Thhealthy competitive spint exsts among stakeholders ¢ C & O Description
15 i;}kﬂ:}:_lj;::on technology s available for retnote 0 & Descriotion
16 Eeusable requirements are available O O & Description .
NA=Not applicable
[ et 4
Figure8: ETS project environment data entry form
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In the figure above NA stands for Not Applicable. For example, the probe “Meeting
technology is available for remote stakeholders’ has a value NA (i.e., the probe is not
applicable for the current situation). This may be because all stakeholders are in the same

|ocation.

The applicability value® for each of the selected options for the techniques that are filtered

in step 2 is shown in Table 5 below:

*The applicability matrix for the different options of each of the project environment factorsis listed in
Appendix C
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Techniques
3
” = o ol
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The purpose of the project isto maintain
existing system 1{1{1j2}2(1(1/1|0|1|1|1|2|2|1|11
Thetarget systemisaninteractivesystem | 1|1 (12 (1212|112 |1(1|1|1/1]|1|11
iF\;egllzttcl)?jnsmp between analysts and clients 1l1l2l21201l1l1l1l1l1l1l1l2l0l11
Practicesin the client organization are
documented 211|112 |1|1f1}j2|1|1|1(1(1|11
Key stakeholders are easily available 1(1|2}21}1f1j1j11|1f21|1/1|1|11
:;shwenotroubleartlculatmgthew ol1lololol2l2l2l1l2l2l2l0lo0!l1]1l2
Users are computer illiterate 1(1|1}12|1(1|1j11|1(1|22|1|11
Analysts are familiar with the problem
domain 1111111111222 41j11212
The project is under serious schedule
consiraint 1{1{1(2}12(0(1/2|1|0|0|0|0]0|0]|2]0
The project is under serious financial
constraint 1(1j1j1|1)1f212|1j12|1|1(2|1{1|111
Thereis enormous and constant flux of
stakeholders i(1j1j1|212)1f2|1j2|1j121|1{1|111
Stakeholders are highly diversified 1{1{2}2}1(1f1/1|1|1|1|2]|21;1|212(11
Unhesalthy competitive spirit exists
among stakeholders 211/0{0|0}2|21(1(1/2|1|2|]0]0(2]|1]1
Communication technology is available
for remote stakeholders i1(12j1j1)2y1f2j1j2)12j142|1{1|12112
Reusable requirements are available 1(1|1}1|1j1f2|1j2|1|141|1{1|1,22
Stakeholders are large in number 2211|1111 |1f1j21|{1|1(121|11
TAPE 20(17 17|18 18

Table5: Applicability Matrix for the Sample example

As can be seen, only 5 out of the 17 techniques that were applicable to our goal, are

applicable to the project environment specified to the framework. The rest of the techniques

contain one or more 0 values for the existing environment. Hence, the new set, which isthe

output of step 2, will contain only 5 techniques as shown below.
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¢ = {Document Analysis, Questionnaire, Laddering, Introspection, Requirements
Reuse}

These 5 techniques are applicable to satisfy our goal and the existing project environment
considered for the sample problem.

Step 3: Domain identification
In this step, the applicability of the 5 techniques, which we got from step 2 will be checked

against the health-care® domain constraints.

The applicability value of the 5 techniques to the health-care domain is shown in Table

below.
Techniques
. & %
Domain X ? &
3 8 ® = g
Health-Care 0 2 2 1 2
TAD 0 2 2 1 2

Table 6: Health-care Domain Constraintsfor the Sample Example

As shown in the table, questionnaire has 0 value for the health-care domain. The
reason for that is the low response rate experienced in the domain. Asit is explained
by Cysneiros [8], athough it is a known weakness of questionnaires, low response
rate seems to be particularly serious in the health-care domain. One potential reason

Is related to the fact that quite frequently nurses and physicians work in shifts and

* The health-care domain constraints are shown in Appendix A
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frequently, the initial hours of these shifts are work intensive, trying to catch up all
the work that was previously done by the other team. As an experiment is done on
three different laboratories and two different hospitals, less than 10% of the
distributed questionnaires were handled back and out of them more than 80% was
partially filled [8]. Document analysis, requirements reuse and laddering in the
health-care domain are suitable techniques because they assist in dealing with the
terminological problem in the domain. Introspection can also be used in case

analysts are familiar with the domain.

In summary the total applicability of the techniques to the session under

consideration is shown in Table 7 below.

No. Technique TAG | TAPE| TAD | TAS
1 Document Analysis 2 20 2 24
2 Requirements Reuse 2 18 2 22
3 Laddering 2 17 2 21
4 Introspection 2 18 1 21

Table 7: List of techniques applicable to the dicitation session
Considering the total applicability value to the session, TAS, document anaysis is

the best candidate technique for the elicitation session under consideration. The
other techniques are also applicable but they can be considered if the document
analysis cannot be applied due to the analyst’s personal preference or any other
reason that is not addressed by the framework. The screenshot of the final output

window of the ETS prototype is shown in Figure 9 below
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Figure 9: Candidate dlicitation techniques displayed by the ETS Prototype
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6. The ETS Prototype

The main objective of this prototype is to demonstrate the automation of the requirements
elicitation techniques selection process. The prototype also serves as a preliminary work for

future development of the ETStool.

6.1. Scope of the prototype

The ETS system takes selection factors that are identified in the thesis work. It is restricted
to the health-care domain. The probes used in the prototype are aso limited to the list of

probes identified in this research work.

We store all the data, derived from the three areas (i.e., goal, project environment and
domain), in a database. The quality and precision of the suggestion of the system is
dependent on the quality and number of parameters stored in the database. Thus, from this
study it can be concluded that as the database gets richer and richer, the quality and
precision of the techniques suggested by the framework will increase. This decreases the
workload on the analyst. In this regard, the system will provide interfaces to enrich the
available filtering resources, which are stored in the database. The best system is the one
that considers as many techniques and situational information but gives precisely few

techniques.

6.2. Features of the system

The ETS system prototype provides the following features:

e Parameters Service: As it is indicated section 6.1, the selection factors are not

exhausted (i.e., there is a need to update the factors database). Hence, this service is

June 2004 61



The ETS Prototype

used to deal with the factors in the database. It provides interfaces for the addition,

deletion and modification of factors and their values.

e Techniques Service: The elicitation techniques used in the prototype can be
modified, a new technique could be added, or a technique may be deleted using this
service of the prototype system. This service will provide its own interface for

addition and modification of elicitation techniques.

e Probe processing service: The selection process starts by providing probes to the
analyst and then the system will process the responses to the probes to select the
appropriate set of techniques. The system provides an interface containing the
probes. The responses will then be analyzed to select the appropriate technique that

fits the situation.

6.3. Development tools

The prototype is a Web-based application. The reason for that is to make the system
available on the Web so that analysts could use and evaluate it. This may help in the

realization of the future plan, which is the development of the ETS tool.

Active Server Page (ASP) is free with Internet Information Services (11S), which is free
with Windows and most of our laptops and desktops use windows operating system. Hence,
ASP is chosen for the prototype development. Moreover, ASP can be written using
VBScript, an easy-to-learn scripting language that uses syntax similar to Visual Basic's.
Since there is a good chance that a number of people aready know Visual Basic, it would

be possible for many developers and researchers to understand the ETS prototype easily.
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Concerning the database, Microsoft Access and an OLEDB connection is chosen. The
reason for this selection isthat MS Accessis an excellent prototyping tool that may be used
to establish the functionality of a database development before upsizing it to interface with

existing corporate databases held as Oracle or SQL Server.

6.4. System Architecture

The main design goals for the ETS prototype is to provide systematic database system
structure that can be expanded when new factors are identified within the three categories

of selection factors.

Techniques
Selection

Maintenance

'

(d
Data
@ Access
Web
Browser
Factors and
Techniques
‘—Qt—’ Repository
i;:,:;‘———%“ Web Server
\:/-‘-’

The Analyst Machine

Figure 10: System architecture of the ETS framework
As it is shown in Figure 10 there are three subsystems namely- Maintenance subsystem,

techniques selection subsystem, and Data Access subsystem. The main objective of the
Maintenance subsystem is modification of the system for any expansion to include new
factors or to modify existing factors. It is also responsible for the modification of elicitation

technigues in the database. The techniques selection subsystem is responsible for providing
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list of probes, for use by the analyst to provide the project situation and to generate a set of
appropriate elicitation techniques that fit the situation. This subsystem uses the selection
rule that is discussed in chapter 5 to filter the suitable technique. The third subsystem, the
data access subsystem serves as an interface between the previous two subsystems and the

database. A brief discussion regarding the subsystems is provided below:

1. Maintenance subsystem: This subsystem provides addition, modification, and
deletion features of the prototype that includes the modification of the selection
factors and elicitation technigques from the database. When new factor is identified
and thereis aneed to put it into the repository or when there is some modification to
an existing factor in the repository, this subsystem is responsible. The other
important point is that, whenever there is any kind of modification of factors, the
selection subsystem will check any conflict that may happen to the data in the

repository.

2. Techniques Selection subsystem: This subsystem is responsible for accepting the
analyst’s responses from the three sets of probes. The goal setting probes, the
project environment identification probes and the domain selection probes. In this
implementation of the prototype, multiple domains are not considered; rather only
the health-care domain is considered. This subsystem is responsible for providing

the probes and passing it to the data access subsystem.

3. Data Access subsystem: It has two major purposes. The first is to accept the
response of the analyst for the probes from the techniques selection subsystem, and

return those techniques that best fit the current condition of the project. The other
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task is whenever there is any modification on the factors it will check for any

problem of consistency.

6.5. The Class Diagram

There are four class entities, which are Technique, Domain, Project_Factor, and Goal. The
Techniques class is related with the Goal, Domain, and Project_Factor classes through the
applicability of the techniques to the goal, the domain and the project environment. The

class diagram shown in Figure 11:

Technique
EETec_id
ESTech_Name
B¥Tec_Category
B%Tech_Description

FAddTechnique()
®DeleteTechnique()
BModify Technique() 1n
1..nf’\ +Is Applicable to PFact
+Is Applicable to Goal
+Uses te PP 7
Domain /
. / +Factor can use
ESDom _id 1..n 1.n/ :
B%Dom_Name té/ _ L.n| Project_Factor
EZDom_Description +Goal Uses technique BEPFact_id
Goal &P Fact_Probe
#AddDomain() BiGoal_id EEPFact_Description
®DeleteDomain() oal! ESPFact_Type
™\ 0dit Domai E5Goal_Probe S PFact S
illifC el B5Goal_Description act_source
WAddPFact()
%
‘AddGoaI() BDeletePFact()
DeleteGoal() SModifyPFact()
®ModifyGoal()

Figure 11: The Classdiagram for the ETS system prototype
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6.6. Interface design

There are five mgjor pages for the system

1. The selection home page: Describe the three steps of the ETS framework and

contains a link to the first step (i.e., the goal identification). The screenshot of this

page is shown below:

/3 ETS System - Microsoft Internet Explorer B ] 9

File Edit Wiew Favarites Tools  Help ‘

gmEBack - = - ) ot | ‘Qhsearch  [GFavorites G0Media 4 | 2 S v Links **

ETS System Prototype

Requovemeras Blictation DNeclroque Seloction Sitew Pratahee

Steps of the Selection Process

Ktep I Croal identification

Stap 2 Project enrvironimernt
situation identification

Stap 3 Diotain identification

Which tecim icue bast filsney problewn ?

To statt the selection process click here. |

Contact us
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2. Goa setting page: this page is used to probe the anayst for the goa of the

elicitation session. A screenshot of this page is shown below:

/3 Goal - Microsoft Internet Explorer

i ] 3

File Edit ‘iew Favorites Tools Help |
dBack =+ (D e | ‘Qisearch [EJFavorites GMedia o4 | - S - Links **
B

ETS System Prototype

Requivemerts Fliataton Feclegque Selecion St Prototes
Step I: CUoal ldentification Frocess: Whatis the goal of powr elicitation session ?

Check Prohe Description
[T Identfication of orgamrational context Descrnption
[T Identification of boundaries of the target system Description
[T Identffication of features of a system Description
[T Detaled investigation of a given feature Description
[T Identffication of rationales for requirernents Descripticon
[T Clanfication of uncertainties m requirements  Description
M Conflict resolution Description

W=

MNexi
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3. Project environment Assessment page: used to receive information about the project

environment. A screenshot of this page is shown below:

/3 Project Environment - Microsoft Internet Explorer i ] |

File Edit Mew Favorites Tools  Help |

sBack ~ = - () i | ‘Qisearch [EFavorites GfMedia (4 | B S - Links **

ETS System Prototype

Requoremerss fliciation Tecinsque Selection Swtem Frototype
SIE'P 2 Project Environement Assesswment: Choose 4, 1, 2, 3, 4 NA for each probe listad below:
i NQ, 42 Fos NA:: Not Applicable The other values are batween No and Fes

Mo Probe 0 1 2 3 4 NADescrption

1 Stakeheolders are large in number C C © ¢ & Description

5 E’;ieilurpose of the project is to maintain existing ¢ ¢ & Descriotion

3 The target systetn i3 an interactive system OO O & & Description

4 Eelationship between analysts and clients iz good C C C C © & Desxrption

5 Practices in the client organization are documented O C C C C & Desxcrption e
& Eey stakeholders are easily avalable 0 O O & & Descnption

T Users have no trouble articulating their need OO O O & Descrption

8 Users are computer literate OO O & & Description

9 Analysts are fariliar with the problem dotmain OO O & & Description

10 The project iz under serious schedule constraint O C C C © ¢ Descrption

11 The project is under serious financial constraint C C C C C & Desxcrption =
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4. Domain identification page: It is used to track the domain of the target system. A

screenshot of this page is shown below:

) Domain Specification - Microsoft Internet Explorer =10 x|
File  Edit  Yew Favorites Tools  Help ﬁ
Back ~ = - () it | Qhsearch [GlFavorites GfMedia C% | Eyr S - |Links »
Address Iﬂj http:iflocalbost/ets/domain. asp j @GD

| »

ETS System Prototype

Requiremertts Flicitation Tecfeoque Selecion Stem Protobpe

SIE]J 3. Domain Identification: To which of the following list of domain does your target system beloug?

HNo  Domain Name Description
r Health-care Description
r Military Descnption
r Transportation Deezcription
r School Description
[T Public Service Description |
r Entertaitment Diescription
r Cither Description
Next d|
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5. Candidate techniques list page: It displays list of elicitation techniques that can be
applied for the problem in the given situation. A screenshot of this page is shown

below:

/3 Candidate Techniques - Microsoft Internet Explorer i ] |

File Edit Mew Favorites Tools  Help

sBack ~ = - () i | ‘Qisearch [EFavorites GfMedia (4 | B-S K - Links **

i -

ETS System Prototype

Roquopemens SRatanom Tecienque Selechiom Swem Protohipe
Here is the list of candidate technigues along with their fotal applicability valune

Mo Technique Total Applicability
1 Document Analysis 22
2  Laddermg 20
3 Requirement Eeuse 20
4 Ifind mapping 18

6.7. Discussion

The degree of precision of the result of the ETS prototype is highly dependent on the
exhaustiveness of the considered situations and domain constraints. For the sample, only
conditions that are common to mMost projects are considered. But as more conditions are

taken into consideration, the result will be more refined.
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The depth of the study made on each technique is also an important factor to the precision
of the result. As a technique is studied in detail, its appropriateness to a given situation

would become more and more clear.

The third factor that affects the precision of the result is the range of techniques that are
considered. In this thesis work, to demonstrate the framework, 26 techniques are taken but
as the number of techniques that could be taken as an input to the ETS framework

increases, more chance will be created to come up with the ideal technique.

The result from the ETS framework is different from similar research. The works by other
researchers, as far as the researcher knowledge is concerned, are all qualitative and do not
consider all the three factors that are considered here. In this thesis work, the relationship
between situations and techniques is quantified. This helps analysts to clearly see best

candidates of elicitation techniques for their condition.
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7. Conclusions and Future work

Even if the ETS framework needs more refinement and through test, it is believed that it
could assist both experienced and novice anaysts in the process of elicitation techniques

selection. It also helps software project managers during project planning.

Thefinal result of the ETS framework is a set of candidate elicitation techniques that can be
successfully utilized for a given requirement type, in the given project environment, and in
the presence of constraints from the problem domain. The further selection of an elicitation

technique from the candidate techniques can be done using some heuristics.

7.1. Limitations

There are some assumptions and limitations in this research work. It is assumed that the
number of factors, which affect the elicitation techniques selection, is manageably finite
and the effect of each of the factorsisequal. It is aso assumed that for any factor thereis at

least one €elicitation technique, which can be successfully applied.

Unavailability of organized knowledge on all domains, which will hardly be realized in the
future too, limits this thesis work to only the health-care domain. Hence, as more studies

are made on more domains, the effectiveness of the ETS framework would increase.

The number of elicitation techniques taken in this thesis work is limited (i.e., only 26
techniques are dealt in this paper). As more elicitation techniques are considered, the
probability of finding a technique that would precisely fit a given situation would be very

high.
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7.2. Future work

The ETS framework, defined in this thesis, will be the basis for lots of new research

directions. A few are introduced below:

1. Assessment of expert analysts experiences while choosing élicitation techniques
for specific situations. In this thesis experience of expert analysts is not included,
study of their experience may be important to make it available to novice analysts

and managers.

2. In some situations, the final candidate €licitation techniques, generated by the ETS
framework may have equal or very close total applicability value. Further study is

required on how to make decisions after having the list of such list of techniques.

3. Thellist of factors for the selection of elicitation techniques needs more refinement

and factors interdependence al so should be studied.

4. More studies are required on problem domains to see applicability of elicitation

techniques to specific domains

5. Design of knowledge-base system to serve as a repository of the elicitation
techniques, along with their applicability to specific requirements type, project

environment and problem domain constraints.

6. Social, cognitive and organizational issues are at the heart of many of the problems
facing RE and because they cannot be addressed solely by the currently available
software engineering techniques, novel approaches and paradigms are being sought
from other disciplines. Thus, it is very important to have interdisciplinary studies to

see any opportunities for improving the requirements elicitation process.
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Appendix A

The following table shows the applicability of each of the techniques to the health-care

domain. The values are given based on the study made in section 4.3

Technique Applicability

Apprenticing

Card sorting

Delphi Techniques
Discourse Analysis
Document Analysis
Ethnography

Focus Group

IBIS

Interaction Analysis
I ntrospection

JAD session
Laddering

Mind mapping
Modeling
Observation
Protocol Analysis
Prototyping
Questionnaires
Requirement Reuse
Role playing
Scenario Analysis
Structured interview
Team building
Unstructured Interview
Video and Audio
War gamming

P P PP RPNMNRPNMNONONNRNREPRERNNRENNRERERRPR

Table 8: Applicability of techniquesto the health-care domain
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|. Traditional Techniques
Techniques under this category involve those techniques that are usually used to collect any
kind of information [37]. The main characteristic of most conventional approaches is that
they assume preexisting categories. They also consider the system as static throughout the
course of the elicitation activity. In this document, three of them are discussed: interviews,
guestionnaires, and document analysis techniques. Each of technique has its own set of

assumptions that it took for granted, as best application conditions.

a. Interviews

Interview is one of the most commonly used questioning techniques across different
domains [19]. Interview can be used to elicit tacit knowledge as well as hard facts,
opinions, feelings, and goals. It also help to identify work flows, factors that influence the
operation of systems and elements that make up the system like documents, procedures and
policies. Interview needs considerable preparation on the part of the interviewer [14].
Before conducting interviews the analyst should read background material, establish

interview objective, whom to interview and etc.

The integration and decision making process after using interview is time consuming and
difficult. Since requirements are volatile, the longer this process takes the more the needs of

stakeholders deviate from the collected requirements.

Interviews are used for new projects in a new domain, whenever heavy politics are there,

and when the user and customer are inaccessible. The success of interview is determined by
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the knowledge of the interviewer in the problem domain, solution domain and analyst’s

skill of communication.

There are two commonly known interview types, which are structured interview and
unstructured interview. Unstructured interview is a kind of informal interview. It needs
little planning and is used basically as starting point to quickly understand the structure of
the problem domain. Unstructured interview is used to get high level concepts by allowing
the subject to give idea freely. The interviewer poses questions and makes the subject to
respond freely i.e. the interviewer doesn’'t force the subject to follow specific terms.
Although unstructured interviews are less constrained, they are still limited by the need for

participant to share basic concepts and methods, so they can negotiate shared meanings.

Structured interviews are more directed and constrained, requiring more planning and used
to gather detail information. Since structured interviews are goal oriented and systematic
we often use them to look for an answer to a pre-defined set of questions. They are also
useful when the interviewer is familiar with the problem domain and the categorization that
exists in the client organization. Thus, often, structured interviews follow unstructured

interviews.

On the other hand, interviews gives much room for bias; they need domain knowledge and
often when people are asked they respond what must be done instead of what they actually
do. These are some of the disadvantages of interview technique. Moreover, in interview, a
question may not be answered and if we have too many respondents, arranging the

interview session and analyzing the response would be time taking.

Interviews can work with other techniques in order to produce better results. For example it

can be used with elicitation technigques such as discourse analysis, interaction analysis.
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b. Questionnaires

Questionnaire is very widely used technique. Questionnaire can be used when the size of
the stakeholdersis large enough, and the issues addressed are clear enough to all concerned.
The validity of questionnaires depends on the sample size and the selection of the target
audience. Questionnaires fail when subjects are asked about topics that they don’'t have

ways to talk about, or do not want to talk about or do not know.

Questionnaires assume that a given question has the same meaning to all subjects [21]. But
in reality categories and concepts that are transparent to one community can be entirely

opague to members of another community.

Thus, if questionnaire is going to be used then it must be ensured that the subject’ s category
is clearly identified and there exists concrete baseline understanding of the problem and the
solution domain. Questionnaire also needs enough amount of preparation time before

conducting the distribution of the questionnaire.

c. Document analysis
Document analysis is a technique for extracting requirements from existing documents.
The documents can be officia policies, work procedures, manuals, magazines, pamphlets,

and memos.

Document analysis can be used to get mission and goals of a company, duties and
responsibilities of individuals, sections and divisions as well as, detail work procedures of
activities. The output of document analysis can be used to structure the different elicitation
technigues and used as a reference baseline for the validity of other techniques.
Completeness of requirement and conflicts in requirements can be detected with the help of

document analysis.
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In order to get started in understanding terminologies, the analyst may need someone who
could introduce the available documents to the requirements engineer. A data model is a
useful tool for recording the results of document analysis and raising questions about the

underlying requirements [40].

. Group techniques

Group techniques are techniques, which involves interactive group work and support the
documentation process. In this category JAD/RAD, focus group, team building, | ssue-Based

Information System (1BIS) and Delphi Technique techniques will be discussed.

Group techniques should be used when there is general belief that “missed opportunities’
exist and when a large, diverse, and autonomous set of stakeholders exists. It is used to
envisioning future system, breaking the constraints of current system knowledge that would
dominate interview or observation [24]. Group techniques are also important to collect data
about existing system form end users. But the drivers for group techniques are multiple
stakeholders, disparate needs, and a demand to reach consensus soon and when there is
difficulty to proceed with the current status without agreeing on some important issues.
Group techniques are not profitable when we have geographically dispersed stakeholdersin
the absence of appropriate communication technology, or when stakeholders are very busy
and it is difficult to arrange meetings or when there is no enough time to prepare for the

group sessions.

Group techniques are used to explore team dynamics to get richer understanding of the
needs of stakeholders. Group techniques require skills like communication, leadership,
ability to facilitate meetings, modeling, and conflict resolution and creativity [24]. Often

the group composition includes developers, users, customers, modulator (facilitator) and
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recorder (scribe). The success of group techniques depends on a type of the involved

participants and on the skill of the modulator.

The purpose of group meetings can be different of different elicitation sessions. It can be to
solve problems, classify issues, brainstorm solutions to problems, resolute conflicts,

conduct reviews, collect and merge facts and data, report progress, and assign tasks.
In the following sections we will see some of the group techniques in some detail:

a. Joint Application Development (JAD)

JAD is a technique, using group sessions, ensuring that information is gathered from all
affected parties, and that requirements are received in outcome are approved by all
participants, and not only by decision of the system analysts collecting the requirements
[27]. In other words JAD facilitate the development of the system requirements with the
agreement of the analysts, customers, users and other stakeholders that would be affected
by the development of the new system. JAD’s man theme is to bring together
representatives from different groups, which potentially influence the development and
usage of the system into a structured workshop to foster timely decision-making. JAD is
part of Rapid Application Development (RAD) tool kit, and is a series of highly structured

group interview sessions aimed at reaching consensus on a project’s goals and scope [18].

The make-up of JAD team is crucia to the success of JAD sessions. Thus, the right
representatives should be selected. JAD technique may be costly because it involves many
people for elongated duration of time. Arranging meetings with this requirement will not be

simple especiadly if individualsinvolved in the JAD team are busy.
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Even if JAD needs enough preparation, it minimizes the time with requirements elicitation
process because agreed requirements would be generated fast. It also brings experts
together and creates a sense of ownership. This is especialy important when the client

company isignorant of computer-based applications.

If enough pre-workshop preparation is not done before a JAD session, the outcome can be
dangerous. It could negatively affect members of the team and existing healthy system
causing for uncomfortable and even hostile environment. The other problem with JAD
technigque is the problem that comes because of the status difference of members in the
organization. This may cause some not to say what they really feel and want to say,
especialy if it is something they think is not familiar to others. Use of some techniques like

prototyping, modeling and IBIS techniques improves the outcome of JAD sessions [4].

b. Focus Group

Focus group assembles experts together and discusses the problem. The discussion can be
structured like debate or unstructured such as simple discussion on an issue. Focus group is
a kind of group interview [19], it is widely use in marketing research, when new products
are going to be introduced. Focus group allows more natural interaction among members of

the group.

Even though group facilitators do not impose their category on the group, there is a
possibility that members impose their category on other members during focus group
meeting. It is aso often difficult for non-technical members of focus groups to understand

some technical concepts and stay active in the group.

June 2004 87



Appendix B

One of the problem with focus groups is the composition of the group i.e. the members are
not from natural communities. The other problem is focus group doesn’'t help in eliciting

design requirements because the subjects are not software experts.

c. Team building

Effective elicitation requires teamwork [24]. Team building is a second order elicitation
techniguei.e. it doesn’t provide direct requirement output rather it enhance effectiveness of
other elicitation techniques. This technique is applicable in situations where stakeholders
have no previous group work experience and when there is a strong feel of opinion
difference among them. Family therapy brings stakeholders to act like a family because

they are around a common problem.

d. Issue-Based Information System (1BI1YS)

In the requirements elicitation process, documenting rationales is one of the most important
activities especially in organizations where there is high staff turnover. It is also important
to have documented rationales of requirements when there is high rate of requirements
change. IBIS is a structured technique, which alows the rationale underplaying
requirements to be organized and tracked [7]. It is used to capture detail dialogue
information by keeping track of the issues being discussed, the positions on the issues, and

the arguments in support of or objecting to positions.

IBIS is easy to learn, can be supported by tools, and is non-intrusive technique i.e. it
doesn’t affect communication among stakeholders. IBIS also made group meetings more
productive by helping group members to focus on single issue and when side issues arise
putting them for other sessions, when important. It also helps focus thinking on complex,

difficult, or critica parts of the problem, and improves detection of incomplete or

June 2004 88



Appendix B

inconsistent thinking. 1BIS also force assumptions and definitions to be made explicit early

in the development process.

IBIS doesn’'t help in the selection of best positions, has no support for ideas outside of
issues, positions and arguments under process. |BIS has no automatic consistency checking

mechanisms because the output of IBIS is not formalized.

e. Delphi Technique

Delphi technique is used in a condition where contact between experts is difficult. In this
technigue, each expert submits judgments regarding requirements and then al judgments
are circulated anonymously to all experts. Each expert then submits a revised judgment.

Thiswill be done iteratively until judgments converge.

[11. Simulation Techniques
The best way to get requirements, which are not easily available, is to stimulate the subject
to recall requirements by providing stimulants. In this category, techniques like scenario

analysis, prototyping, models, role-playing, and war-gaming techniques will be discussed.

a. Scenario analysis

Scenarios are stories, which explain how a system might be used. Discovering scenarios
exposes possible system interactions and reveals system facilities, which may be required.
Scenario analysis technique produces natural language output and is good for requirements

procurement.

Since scenarios are inherently partial; they raise a coverage problem similar to test cases
making it impossible to verify absence error [35]. The detail description of scenarios force
premature choice of design option and over specification. Scenarios are too much labor

intensive to collect and document them more over there are no recommendations on how
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scenario-based requirements engineering should be practiced, even less tool support is
available [2]. Scenarios are good models for interactive systems and for systems that

corners the end user as a central subject of the project.

Since scenarios have low cost and limited expressiveness they are most appropriate for
communicating specific system features in situations of high uncertainty. They are also
good for eliciting requirements that could be forgotten by subjects. Scenarios also facilitate
communication among stakeholders and anchors requirements analysis in real world

experience.

b. Prototyping

A prototype software system is one that simulates the important interfaces and performs the
main functions of the intended system [3]. Unless for some special purpose, prototype
shouldn’t necessarily be bound by most non-functional requirements such as hardware,
speed, size or cost constraints put on the final product. Prototypes do not also worry to
handle exceptions that need to be handled latter. The purpose of prototype is to make real
the conceptual structure specified, so that clients can test for consistency and usability and

developers to check technical feasibility.

Commonly there are two types of prototyping, which are throwaway prototyping and
evolutionary prototyping. Throwaway prototyping is used to see the different components
of the target system; they will not be used in the development of the final product.
Evolutionary prototyping is used for well-defined requirements and the prototype will

develop to final product.

Prototype allows users to experiment and discover what they really need to support their

work [3]. Developers will also be able to check feasibility before high development cost is
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incurred. Prototypes are used to demonstrate the ‘look and feel’ of the user interface and
used for systems that need serious consideration of user interfaces. They can also be used to
identify requirements, which are hidden, forgotten or neglected, and that can cause

incompl ete, ambiguous or conflicting requirements.

It is not advisable to use prototyping when it is known that it would take extended time and
in the absence of mutual trust between the developing company and the client company
[24]. It is good technique when there is a great deal of uncertainty about requirements, or
where early feedback from stakeholders is needed [19, 37]. Prototyping can aso be used to

describe requirements related to decision support systems and to simulate critical systems.

Training cost, development cost, and extended development schedule are some of the

constraints that hider the wide usage of prototypesin the software industry.

c. Models

Models like DFD, state chart, activity diagram, UML, etc plays an important role in the
process of requirements elicitation [24]. They can visually show the static and dynamic
nature of the system in a clear and unambiguous way. Stakeholders can easily see the

conflicts and incompl eteness of requirements from domain models.

Nowadays models are used to facilitate communication among stakeholders, uncover
missing information, organize information gathered from other techniques, and uncover
inconsistencies that exist in the captured requirements. Models also show the problem

raised by the user and the corresponding solution.
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Difficulties to be understood by the users, inclusion of too many design constraints, and
pre-decision of development approaches are some of the problems of the conceptual models

[11].

ER models or class diagrams are good choices, if the system is data-centric application.
Models are also good choices when using system archeology (document analysis) to
summarize what is found from documents [23]. Models technique is also good candidate

when the user interface is very important for the final product [26].

d. Role-playing

This technique is used when key stakeholders are inaccessible. It uses surrogates, where
non-stakeholders play the role of stakeholders[24]. This technique can be used for example
if the user or the customer is unreachable, people from out side will be selected to act in
place of them. Even if it is not in natural setup, it will help to formalize the process of the

development in the absence of the client.

e. War-gaming
War gamming is used when we have time and one of the following happens. Situation is
emotional, there exists arisk of large loss, the problem is ill defined or we don’t know the

actors or events.

This technique can be used for example when developing sensitive systems like national

terrorists information hijacking system.

V. Cognitive Techniques

Cognitive techniques focus on the individual perception of the problem and the solution for
the problem. In this category protocol analysis, card sorting, laddering and Introspection

techniques will be discussed.
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a. Protocol analysis

Protocol analysis asks a subject to engage in some task and concurrently talk aloud,
explaining the subject’s thought process [46]. The expert will be asked by the analyst to
think out aloud while carrying out the task [46]. Hence, we can say that protocol analysisis
‘do and talk aloud’, explaining thought process, technique [19]. The assumption of the
protocol analysis technique is that people can produce language that gives a trace of
autonomous cognitive activity and thus protocols do represent and are related to actual

cognitive process [15].

The major disadvantage of using this technique is that the technique doesn’'t consider any
context, from where the requirement is élicited. Language is a communication tool that
involves at least two individuals but in the setup of protocol analysis, the subject will talk
aloud, the analyst will just track what the subject is talking. It doesn’t deal with

requirements in their natural setting. Therefore, we can say that it is more of artificial setup.

Protocol analysis can be used when it is possible to use the techniques with little setup,
when there is age, background, etc similarity between the analyst and the subject, when
there is no task procedure manuals, when task is complex and the subject is unable to
describe it without doing the task, or when the subject is busy and the requirements
engineer has little knowledge on the problem domain [19]. Thus, protocol analysisis good

to elicit semi-tact knowledge when the problem is taken for granted or working memory.

b. Card sorting

Card sorting is a cheap, simple, amenable to automation €elicitation technique that is used
for classification of knowledge. Card sorting process involves sorting a series of cards, each

labeled with a piece of content or functionality, into groups that make sense to users or

June 2004 93



Appendix B

participants [34]. For a given set of domain objects, written on cards experts are asked to
sort the cards into groups then says what the criterion was for sorting, and what the groups

were. Card sorting enables you to know how people categorize items and concepts [17].

Card sorting is a reliable method for finding patterns in how users would expect to find
content or functionality [34]. The output of card sorting can be used for latter interface
design and for establishing model for hierarchical relationships. Card sorting is user-
centered method for increasing a system’ s usability. Card sorting is effective once you have
completed identification of confusing terms, functional requirements of users or the content
of a system. Card sorting is good technique when we have readily available packages and
when respondents are familiar with the packages [31]. Card sorting is also good choice
when identifying data requirements of a system. Moreover, it is used to identify items that
are likely to be difficult to categorize and terminology that is likely to be misunderstood
[17].

Card sorting doesn't consider user’s task, results may vary, anaysis can be time
consuming, and may capture only ‘surface’ characteristics of the system to be devel oped.
Before implementing the technique suitable entities need to be identified with suitable
semantic spread across domain. The other problem is that card sorting is not scalable
technique (i.e., as the number of cards increases the variation among respondents will

increase and that make the analysis difficult).

c. Ladderingtechniques

Laddering is a structured technique that uses a set of probes (type of questions) to acquire
structure and content of stakeholders knowledge [41]. Originally laddering was used for

knowledge acquisition for knowledge-base systems [37]. Laddering deals with hierarchical
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knowledge and interview can be used to move up and down a conceptual hierarchy. Often

card sorting follow laddering technique [31].

Laddering is good for selecting package or setting criteria for the right package when there
is less knowledge of packages [25, 31]. It is also used to identify goals, values and
explanations of subjective terms. Recently, it is used for eliciting explanations and
clarifications of technical and subjective terms. Laddering is used to identify the data
requirement of a system. It isalso used to elicit subclasses when going up the hierarchy and

explanations when going down the hierarchy [42].

The major problem of laddering is its assumption that knowledge is always hierarchical.

Hence, laddering is not advisable for liciting knowledge, which is not hierarchical.

d. Introspection

It is imagining ‘what kind of system | want if | were doing the job, using this equipment
and in this environment. The introspection of an expert in a different field is unlikely to
reflect the experiences of the actual user [21]. Therefore, this technique is good when the
analyst is the problem domain expert. Introspection without careful consideration of its

limits can be highly inaccurate.

Introspection is limited by the expert’s imagination. It is difficult to introspect what work

settings look like, or the conditions under which anew technology will be learned or used.

V. Content Analysis

There are many textual, video and audio products of other techniques such as interview,
observation, video-based technique, scenario and etc. In this category, we will see

technigues, which could be used to analyze those products to elicit more requirements, to
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clarify existing requirements and to resolute conflicts. The techniques, which will be
presented, involve: mind mapping, video-based elicitation, Requirement Reuse, and content

analysis.

a. Mind mapping

Mind mapping is a way of taking more extensive and meaningful notes. With a mind map
you use words, pictures, symbols and colors to capture the way that your brain perceives
the subject matter [40]. Mind mapping is used for summarizing data collected during
interview or any other techniques. For example, it can be used to enrich our notes after an

interview session. Mind mapping is also good candidate to get undreamed requirements.

b. Video and audio technique

The idea of this technique is to derive new requirements, especially those related to
usability, by evaluating individuals' facial expressions, words of body language, and their
wording while they are using the software or are working [40]. Video-based elicitation can

be used to identify informal practices in the workplace [21].

Video and audio technique may not be used everywhere due to legal and ethical issues. It
will also be costly when the size of the subjectsis very large and dispersed geographically.
The analysis cost of data collected using this technique will not also be simple. It can take
a highly skilled person a very long time to produce a transcript from a videotape of live

interaction.

c. Requirement Reuse

Reuse involves taking the requirements, which have been developed for one system and
using them in a new similar system. The basic goal of requirements reuse is to be able to

determine that the needed system’s feature or part of its functionality have already been
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stated by another system’s requirements, which with small alterations could effectively be

deployed in a new context.

Requirements reuse opens the door for analysis, design, code, test and operational

procedures reuse. The main output of software ruseis quality and productivity.

Requirements reuse includes selection of the relevant artifact and synthesis of the new

requirement activities.

Requirements reuse can produce more benefit than only design or code reuse because
traceability relationships can be established between the high level requirements of the

system and the low level implementation, which are built from them.

| mmersion techniques

In al the previous categories the analyst is outside the system and tries to measure some
parameters that could show the requirements of the stakeholders. But when we come to this
category the analyst will be immersed in the users system and look and compile the
moment-by-moment activity of the clients. In this category we will see ethnography,
interaction analysis, apprenticing, observation techniques, and discourse. Discourse and
interaction analysis are only applicable to situations where there is significant social
interaction; conversation and discourse analyses are only applicable to verbal data. But the
most important limitation of these methods is that they are very labor intensive. Another
limitation is that these methods cannot be (directly) applied to the study of systems that
have not yet been built. However, they can be used to obtain tacit knowledge, because they

bypass the unreliable explanations of users, and instead examine what they actually do.
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a. Ethnography

Ethnography is designed to study the group in its natural setting for a lengthy period of
time, often several months or even severa years [29]. The focus of investigation is on the
every day behaviors (e.g., interactions, language, rituals) of people in the group, with intent
to identify cultura norms, beliefs, social structures, and other cultural patterns.
Ethnographies were first used in cultural anthropology, but they are now seen in sociology,
psychology, and education as well. Ethnography is especially useful for gaining an
understanding of the complexities of a particular, intact culture. If ethnography is used the
analyst should keep detailed notes of all work practices, analyze them and draw conclusion

from them.

In the course of using ethnography several methods can be deployed in the process of the
requirements identification such as interviews, observation, modeling, prototyping and etc.
Ethnographic methods are followed by verbal methods, like interviews acquiring
knowledge to generate scenarios [31]. Ethnography assumes spending time with people

establish atrust relationship.

Unlike interviews and questionnaires ethnography uses the members own categories.
Ethnography technique is used to elicit the actual work processes, which is often different
from formal, prescribed process. Ethnography can be used when users are too busy and
there is enough time for the elicitation process. Through immersion in data from some
particular social group (such as stock broker), particular competencies are gradually
acquired that let an analyst be a sensitive, effective ‘measuring instrument’ in that domain

[21]. Thus, the best way to measure something is to be part of the measurement tool.
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There are two magjor disadvantages of ethnography. The first and most challenging is that it
needs long time to implement and the other is ethnography is labor intensive i.e. projects

may involve hundreds of hours for recording transcribing and analyzing data.

b. Discourseanalysis

It is used to dlicit tacit knowledge. It uses two types of subanalysis to study the structure,
which are interactional (comes from ethnomethodology) and linguistic (comes from

sociolinguistics) [19].

Discourse analysis can follow other techniques such as interviews. Critical discourse
analysis is grounded in interactional talk and text data, which employs sociolinguistic

methods [1].

c. Interaction analysis

Interaction analysis is used to dlicit tacit knowledge (i.e., knowledge which can not be
easily accessed). Observing actual interactions in the work place is the best way when
subjects are unable to articulate their work [19]. This technique is applicable when there is
afeel of incompleteness or conflicts in the requirements. It is a technique, which considers

the context in which the requirement resides.

d. Apprenticing

Apprenticing uses the idea of a master craftsman and an apprentice. The apprentice
observes what the master does, asks questions and then tries to learn the work by doing
some of it. This technique is usable when there is no schedule constraint and the job is

easier to learn [40].
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e. Observation technique

Sometimes, the best way to get the right understanding of what people actually doing is to
observe them while they are in their workplace. An analyst may make observations either
as an outsider or, in the case of ethnography, as a participant observer [41]. The primary
advantage of conducting observation, in spite of other techniques that follow formalized
and more structured approach, is its flexibility i.e. the analyst can easily shift focus as new
data come to light [29]. Other techniques are more directed and formalized Observer spends

time with the subjects, joining in, long enough to become a member of the group.

Observation is a good technique to elicit semi-tacit and tacit knowledge [31]. It is also used

to reveal detail knowledge about the target requirement that other methods cannot €elicit.
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For the probes from the project environment a kind of decision matrix is used, where the
analyst can choose from the given options. For each probe 5 options, 0 to 4, are given and
the meaning of each value for each of the probesis different. The interpretation of each of
the options against the probesis given below:

No Probe Option
1  Thepurposeof 0 Minor modification to some features of an existing system
theprojectisto | 1 Some features modification
maintain 2  New feature addition to an existing system
existing system | 3 ' Major change to an existing system
4 | Totaly new system
2 | Thetarget 0 | Not interactive at all
systemisan 1 Fairly interactive (i.e. few interfaces are there)
interactive 2 Moderately interactive
system 3 Highly interactive
4 Extremely interactive
3 | Reationship 0 | Hostile relationship
between 1 Passiverelationship
analysts and 2 Good relationship
clientsisgood | 3  Very good relationship
4 | Hand and glove relationship
4 | Practicesinthe | O | No documentation at all
client 1 Only establishment documents are available
organizationare 2 Major policies and responsibilities are available
documented 3 Policies, work procedures, job descriptions are available
4 | Almost everything in the client organization is documented
5 Key 0 They arenot available at all
stakeholdersare 1  They are available once in a blue moon
easily available 2 They arefairly available
3 | They are most of the time available
4 | They are available all the time
6 | Usershaveno 0  They aretotally unable to verbalize their needs
trouble 1 They can articulate some of their needs
articulating 2 They are good in presenting their needs
their need 3  They are very good in verbalizing their needs
4 ' They are extremely capable of stating their needs clearly
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No Probe Option
7 | Usersare 0  Usersare not totally exposed to computers
computer 1 | Users have simple utilities level experience
literate 2  Usersare exposed to basic computer applications _
3 Users have good experience in using computer applications
4 Users have extensive experience on using different
applications
8 | Anaystsare 0 | No exposure at all
familiar with 1 They arefairly familiar
the problem 2  They are moderately familiar
domain 3 They are highly familiar
4  They are extremely familiar
9 | Theprojectis 0 Thereisno schedule constraint at all
under serious 1 Itisunder light schedule constraint
schedule 2 Itisunder moderate schedule constraint
constraint 3  Itisunder tight schedule constraint
4 | Itisunder extremely tight schedule constraint
10 Theprojectis 0  Thereisno financial constraint at all
under serious 1 Itisunder little financial constraint
financia 2 Itisunder moderate financial constraint
constraint 3 Itisunder seriousfinancial constraint
4 ' Itisunder extremely serious schedule constraint
11 Thereis 0 Stakeholders are stable
enormous and 1 Thereislittleinstability of stakeholders
constant flux of | 2 | Stakeholders are moderately unstable
stakeholders 3 | Stakeholders are highly unstable
4 | Stakeholders are extremely unstable
12 Stakeholders 0 Stakeholders aretotally uniform
highly 1 Stakeholdersarefairly uniform
diversified 2 Stakeholders are moderately uniform
3 Stakeholders are diversified
4  Stakeholders are very diversified
13 Unhealthy 0 = Stakeholders have family relationship _
competitive 1  Thereislittle competitive spirit which is not clearly visible |
spirit exists 2 | Thereisacompetitive spirit that sometimes appears and
among seen clearly
stakeholders 3 Thereisacompetitive spirit that is often clearly seen
4 | Stakeholders are against each other
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No Probe Option
14 Communication 0  Thereis no communication technology except
technology is physically going there
available for 1 Thereisonly postal communication facility
remote 2 Thereispostal and telephone communication
stakeholders technology
3 Thereispostal, telephone and e-mail communication
technology
4 Thereis postal, telephone, e-mail and group meeting
technology
15 | Reusable 0 | Thereis no reusable requirements asset
requirements are 1 | There are some reusable requirements that are not well
available documented
2  There are reusable requirements that are documented
3 There arelots of reusable requirements that are well
documented
4  There are enormous reusabl e requirements which are
automated for use
0 They arefew in number
Stakeholders are 1 They arefal rIy_Iarge
16 | . 2 They arelarge in number
arge in number :
3 They are very large in number
4  They are extremely large in number
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The applicability matrix of each of the techniques to the situation of the project environment is shown below.
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Unhealthy competitive spirit exists o
among stakeholders

Communication technology is
available for remote stakeholders
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Environmental Situations

Stakeholders are large in number
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Appendix D

The following table contains applicability of techniquesto goals:

Technique g001 g002:g003 g004 g005 g006

Apprenticing

Card sorting

Delphi Techniques
Discourse Analysis
Document Analysis
Ethnography

Focus Group

IBIS

Interaction Analysis
Introspection

JAD session
Laddering

Mind mapping
Modeling
Observation
Protocol Analysis
Prototyping
Questionnaires
Requirement Reuse
Role playing
Scenario Analysis
Structured interview
Team building
Unstructured Interview
Video and Audio
War gamming

O RINRIRPOONRFROONORINRIRPRRERERELRNMNMROOO
NIRINORIFRPORIRLRNONDNERRNEPRIEININNERRIFLRO
PR NP RRPRPNEPNMEPNNRRNNRERRNNNDRRRPR
ONIRP RININIO R RPIRNINRPRNNRRERPRNREPNRENREREN
RPIRPRIRPINRPRPRPRRPRONRPRRNNOINININNDINNRRE
N NP R NNMREPRRPNNMNDNMNNNMONNNRRERERROLPR
PP RPINNRPORRPRRRERPRRPRNRPRONORNNERERERERRLRNOO

g001=Identification of organizational context, g002=Identification of boundaries of the target system,
g003=Identification of features of a system, g004=Detailed investigation of a given feature,
g005=Identification of rationales for requirements, g00O6=Clarification of uncertainties in regquirements,

g007=Conflict resolution

Table 9: Applicability matrix to goals
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